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Abstract: 
 
The reaction of copper(I) iodide (CuI) and alkyl pyridinium, quinolinium, 4,4ʹ-
bipyridinium iodides, and butyl 3-substituted pyridinium (where the substitution = I, Br, Cl, OMe, 
and CN) salts ([RPy]+[I]–, [RQn]+[I]–, [R2(4,4ʹ-Bpy)]2+[I]2–, and [Bu 3-PyX]+[I] –) in alcohol with 
recrystallization in acetonitrile (MeCN) yields salts comprised of the arylinium cation and 
iodocuprate(I) anion. The iodocuprate(I) ions show a variety of stoichiometric and structural types, 
ranging from the 1-D chain structure {[CuI2]
–}n to the discrete cluster [Cu8I13]
5–. A diverse range 
of anion types is particularly notable for [R2(4,4ʹ-Bpy)]2+, while [RPy]+, [RQn]+ and [Bu 3-PyX]+ 
are commonly paired with the 1-D chain {[Cu5I7]
2–}n. Increasing the size of the organic cation 
alkyl chain appears to also increase the size of the iodocuprate anion, but only up to cations where 
R = Bu. Diffuse reflectance spectroscopy at 298 K was performed on the n-butyl – alkylated 
pyridinium, quinolinium, and substituted pyridinium salts (compounds 5, 9, and 18 – 22), and 
revealed that increasing the electron withdrawing capacity of the n-butyl arylinium system reduced 
the absorption edge of the iodocuprate salt. UV emission spectra at 298 and 78 K of compounds 
5, 19, 20, and 22 showed two different emission peaks, one consistent with a cluster-centered 
halide to metal charge transfer (XMCT) and the other consistent with an intermolecular mixed 
halide/metal charge transfer to the organic cation. The emission intensity and emission wavelength 
of the mixed halide/metal to cation charge transfer (XMCCT) appears to depend on the organic 
cation substitution. 
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Introduction 
 
Inorganic complexes with Cu metal centers have long been subject to interest from 
chemists due to Cu’s natural abundance (1) and its similar characteristics to the significantly rarer 
metals Ag and Au. Besides its elemental form, Cu can exist in two oxidation states – Cu(I) and 
Cu(II). Salts of Cu(I) include the simple halides CuCl, CuBr, and CuI. Complexes of these 
copper(I) halides, particularly those of CuI, have come under recent attention due to their diverse 
structural and photophysical characteristics. In accordance with this work, we will primarily 
concern ourselves with copper(I) iodide complexes.  
Structural features of Copper(I) iodide ([CuxIy]
n, where n = x–y) complexes  
Copper(I) iodide complexes or clusters display an incredibly diverse set of potential 
structures; this structural diversity is largely due to the flexible coordination geometry of the 
constituent parts of the clusters. Copper(I) has possible coordination numbers of 2, 3 or 4 ((2, 3, 4, 
5). In turn iodine, due to its large electron sphere and high polarizability (or “softness”), can easily 
match the coordination flexibility of Cu(I) by bridging 2-8 Cu(I) metal centers or also potentially 
acting as a terminal ligand (5, 6). The potential structural variability of these clusters is even further 
increased by the ability to contain different heteroatom (HA = N, S, P) ligands that can coordinate 
to the Cu(I). These ligand complexes are generally, but not always, charge neutral, and denoted 
[CuxXyLz]
n (L = heteroatom containing ligand, n = complex charge) 
For our purposes, there are two broad ways to classify [CuxIy]
n clusters and [CuxXyLz]
n 
coordination complexes – by total charge on the cluster/complex, and by the dimensionality of the 
cluster/complex (2, 3). For the categorization by dimensionality, there are zero dimensional, 1, 2, 
and 3D [CuxIy]
n clusters. Zero dimensional aggregates are by far the most common dimensionality, 
and cluster size varies from the rhombohedra [Cu2I2] to the Cu36I56
20− macrocyclic anion (see Table 
4 in 2). Although the structural diversity of the [CuxIy]
n clusters remains high for 1D (chain/ribbon) 
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structures (see Table 5 in 2, 3, 4), it drops off dramatically for 2D sheets and 3D networks (see 
Table 6 in 2, 3, 4, 7). The reason for the notable lack of 2D and 3D [CuxIy]
n structures is likely due 
to the large influence that reaction kinetics has on the [CuxIy]
n (and [CuxIyLz]
n) cluster formed (2, 
3, 7). In other words, in order to form larger and more complex [CuxIy]
n multidimensional 
structures, one also needs to prevent the formation of less complex and more kinetically favorable 
[CuxIy]
n chains and discrete clusters. 
For the categorization by charge, there are three potential charge states: neutral ([CuxIy]
n, 
x = y, n = 0), anionic ([CuxIy]
n, y > x and n < 0), and cationic ([CuxIy]
n, x > y, n > 0). The anionic 
cluster is by far the most common type reported; in this case, an organic countercation (generally 
abbreviated in this work as [R]m, where m = + n) balances the charge of the cluster and forms the 
[R]m[CuxIy]
n salt. Since anionic [CuxIy]
n clusters are the most common and present enticing 
opportunities to template the final [CuxIy]
n cluster through the organic countercation, they have 
received the most attention and are the subject of this work. The following table provides an 
overview of current [CuxIy]
n anionic clusters by size and charge, as well as listing the Cambridge 
Crystallographic Data Center (CCDC) reference codes of the structures where these clusters are 
observed. However, this table is far from a comprehensive review of the structural features of the 
anionic [CuxIy]
n clusters. We suggest that the reader consult one of the several excellent reviews 
of [CuxIy]
n anionic cluster structural diversity that exist in the current literature (2, 3, 4) if they 
wish for a more detailed structural analysis. 
Table 1a: Known [CuxIy]n anionic clusters by size and charge with CCDC reference codes 
{[CuI2]
–}n & 
[CuI2]
– 
BIPSEA 
 
NOFRAB 
 
LEZDAV 
 
CEHJEE 
 
NOFREF 
 
MIRCEX 
 
CEHJEE01 
 
NOFRIJ 
 
NAZNIN 
 
CEHJEE02 
 
UMAQEG 
 
NEGYIH 
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DIJKUC 
 
UMAQIK 
 
OWEGUU 
 
DIJLAJ 
 
UMAQOQ 
 
QADPOD 
 
FUQKIM 
 
UMAQUW 
 
REQJAZ 
 
IROKOP 
 
XISTEY 
 
TEQYAQ 
 
SAZZOL 
 
YADTUS 
 
TILPIO 
 
VIPMIR {[Cu2I4]
2–}n 
& [Cu2I4]
2– 
BIYMIF 
 
UDASUO 
 
WOHQEP 
 
BOMLUK 
 
VASKAE 
 
WUKMOF 
 
CIKDIJ 
 
XIRDEI 
 
YAMCUN 
 
CORZIS 
 
YADTOM 
[CuI3]
2– CEHFUQ 
 
DEHKAC [Cu2I5]
3– IROQUC 
 
OBOFES 
 
DEHKAC01 
 
MIRBOG 
 
PIXZIG 
 
DEHKAC02 
 
PIXZEC 
 
PIXZOM 
 
DEHKAC03 [Cu2I6]
4– BIQROK 
 
PEFQAT 
 
ENCUID01 
 
IQAJEQ 
 
RAWNOV 
 
ENCUID02 
 
NUJTAO 
 
TAJLUM 
 
ETOKEE 
 
WEFHOE 
 
TIBWAE 
 
FAKTAO 
 
WEFHUK 
 
TIPBOK 
 
FAKTES [Cu3I4]
– & 
{[Cu3I4]
–}2n 
CHEJOO 
 
UDATID 
 
FAKTIW 
 
CHEJOO01 
[CuI4]
3– ILARIY 
 
FAKTOC 
 
KENYAD 
{[Cu2I3]
–}n & 
[Cu2I3]
– 
AVIWUZ 
 
FOWHAA 
 
POJRAH 
 
BIZTAF 
 
HEBSIS 
 
POJRAH01 
 
DISKEX 
 
HEQMEX 
 
POJRAH02 
 
EWUSOG 
 
HIBKUY 
 
XUSWUE 
   
IROQOW 
 
XUSWUE01 
   
IROQOW 
  
   
KURYEC 
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Table 1b: Known [CuxIy]n anionic clusters by size and charge with CCDC reference codes 
continued. 
{[Cu3I5]
2–}n BUWZOJ [Cu4I7]
2– YAFWEK {[Cu6I8]
2–}2n LUYNIE 
 
IVICIN 
 
YEWVOM [Cu6I10]
4– KUXMEV 
[Cu3I6]
3– FOMSUV 
 
YEWVOM01 
 
NAVFIC 
 
KUFMEF [Cu4I8]
2– & 
{[Cu4I8]
2–}n 
BIPSIE [Cu6I11]
5– CODFUW 
 
KUFMEF01 
 
DISKAT {[Cu7I9]
2–}n WUYNUB 
 
KUFMEF02 
 
FOMSOP 
 
WUYZOH 
 
KUFMEF03 
 
IXOQIW 
 
WUYZUN 
 
KUFMEF04 
 
QISWUL 
 
WUZBAW 
 
KUFMEF05 
 
QOVVII 
 
WUZBEA 
 
LEZCUO 
 
TIBVAD 
 
WUZBOX 
 
XATDII 
 
XATDEE 
 
WUZCAX 
[Cu4I5]
– UNETIS 
 
XEZGOA 
 
WUZCEB 
[Cu4I6]
2–& 
{[Cu4I6]
2–}n 
ATUQIP [Cu5I6]
– FONMAW {[Cu7I10]
3-}n YEWVUS 
 
BEQRUE 
 
FONMAW01 {[Cu8I10]
2-}3n MECPUI 
 
BEQROE 
 
FONMAW02 [Cu8I13]
5– CUMVUB 
 
CEYVOR [Cu5I7]
2– & 
{[Cu5I7]
2–}n 
CIJXEY cu8I16 XUSWOZ 
 
CUMVUB 
 
CUQQUA {[Cu9I11]
2–}2n UHOWUK 
 
CUMWAI 
 
EKIGIO {[Cu10I14]
4–}n BIFHIJ 
 
CUMWEM 
 
EXIGOU [Cu10I16]
6– IWEZEP 
 
FAKSUE 
 
EKIGUA [Cu11I15]
5– 
 
 
MPPICU 
 
IVEQAD 
 
XATDOO 
 
NILQOO 
 
NAQBIT [Cu11I17]
6– SODMUU 
 
UTIBUV 
 
NAZNUZ 
 
JOQJUW 
 
UTICAC 
 
QISWOF  JOQJUW01 
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VEQWUJ 
 
UNETAK {[Cu12I18]
6–}3n BAWGEO 
   
UNETEO {[Cu14I16]
2–}3n IQEDUE 
   
UQEWIX [Cu36I56]
20– GACYEO 
   
UQEWOD 
  
 
Charge transfer and photophysical characteristics of [CuxIy]
n clusters 
Charge transfer (CT) is a phenomenon that occurs in inorganic complexes when there are 
two different electronic moieties within the complex, one which can act as an electron donor and 
the other as an electron acceptor (8, 9). In these CT complexes, excitation by the appropriate 
wavelength of electromagnetic radiation causes the complex to enter an electronically excited 
state, whereby electron density is transferred between a MO of mostly electron donor character to 
a MO of mostly electron acceptor character. In other words, CT is an internal redox reaction whose 
resulting electrostatic interaction between the electron donor and acceptor provides an overall 
stabilizing force for the complex. Charge transfer is widely observed in inorganic coordination 
complexes in the form of metal-to-ligand charge transfer (MLCT) and ligand-to-metal charge 
transfer (LMCT) (Figure 1).  
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Figure 1: Generalized diagram for MLCT for a d10 metal complex in an octahedral field  
 
Frequently, any luminescence emission that occurs in a CT complex is with the result of 
lower energy ligand field excited states, and is as a result is too short-lived to be useful for many 
applications (9). However, since Cu(I) is a d10 metal, lower energy d-d transitions are prohibited, 
which allows for the observation of luminescence from longer-lived CT excited states. Since the 
anionic [CuxIy]
n clusters are very electron rich, the most common CT emissions observed are some 
form of cluster-centered CT, such as halide (e.g. I) to metal (e.g. Cu) charge transfer (XMCT) or 
CT from excitation of a Cu d-electron to the Cu 4s orbital to form a triplet state (3CCn) (6, 10, 11, 
12). 
However, there are also examples of intermolecular CT behavior between the anionic 
[CuxIy]
n cluster and the organic cation (11, 12). The complexes that contain this intermolecular CT 
typically employ excellent π acceptor cations, such as alkylated pyridine or bipyridine systems, to 
provide low-lying π* acceptor orbitals. Due to the innate “tunability” of the emission wavelength 
14 
 
in intermolecular CT systems through variation of the organic cation (i.e., the electron acceptor), 
synthesizing [CuxIy]
n clusters that produce intermolecular CT is a particularly attractive possibility 
for developing industrially applicable [R]m[CuxIy]
n salts.  
Applications to industry  
In general, inorganic-organic hybrid materials are of increasing interest because of their 
intriguing luminescence properties and their potential tunability that stems from the ability to vary 
both the organic and metallic aspects of the compound (4, 11, 13). This class of materials holds 
promise for potentially replacing rare earth elements (REEs) that are currently used in many white 
light emitting diodes (WELDs). As a subset of this materials class, [R]m[CuxIy]
n salts are 
particularly attractive due to the relative abundance of Cu (1) and the obvious structural and 
emissive diversity of the [CuxIy]
n anions. Additionally, any [CuxIy]
n cluster or [R]m[CuxIy]
n salt 
with emission in the UV range is potentially applicable as a semiconductor (6, 11, 12), and 
emission from intermolecular CT can be applied in sensing technology (14.). Moreover, there are 
reports of intermolecular and cluster-centered CT initiated from photoirradiation, which makes 
these [CuxIy]
n clusters potentially applicable as photocatalysts ((11, 12, 14).   
Attempts to engineer anionic [CuxIy]
n clusters and [R]m[CuxIy]
n salts 
Given the potential applications of emissive [R]m[CuxIy]
n salts, understanding how certain 
synthetic methods and reagents produce a particular [CuxIy]
n cluster – and therefore, a particular 
emission characteristic - is of the utmost importance. However, the relationships between synthesis 
conditions, the type of [CuxIy]
n cluster formed, and the resulting compound emission are complex 
and not easy to elucidate. These relationships are summarized in Figure 2. However, the 
complexity of the [R]m[CuxIy]
n system provides ample opportunities for attempts to “engineer” the 
[CuxIy]
n cluster structure and overall compound emission by varying basic synthetic conditions. 
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Figure 2: Literature relationships for engineering the [CuxIy]n clusters and [R]m[CuxIy]n 
salts 
 
 
There are three main goals for engineering the [R]m[CuxIy]
n system. The first is to produce 
a [CuxIy]
n cluster of particular size or dimensionality but not necessarily having specific emission 
characteristics (5, 7, 15, 16) and the second is to produce a [R]m[CuxIy]
n salt of certain emissive 
characteristics but not necessarily having a specific structure (10, 12). The third goal is to indirectly 
generate a particular emission wavelength by producing a specific [CuxIy]
n cluster structure that 
will in turn generate the desired emission (6, 11). Of the three approaches, the final is by far the 
most complex because it requires an understanding of all the potential relationships within the 
[R]m[CuxIy]
n system. However, for all their differing goals, all three engineering approaches 
require an understanding of the effects of synthetic conditions on the [CuxIy]
n cluster structure and 
the [R]m[CuxIy]
n compound emission (5, 6, 7, 10, 11, 12, 15, 16).  
There are two main synthetic approaches for engineering the structure of the [CuxIy]
n 
cluster and emission of the [R]m[CuxIy]
n salt (2, 3, 5, 17). The first is by varying the reaction 
16 
 
conditions and kinetics of the synthesis in order to facilitate the formation of the desired [CuxIy]
n 
clusters. The basis of this approach is that the [CuxIy]
n system is subject to large degrees of 
polymorphism, and therefore the effects of the particular reaction conditions used on the formation 
of the resulting cluster are potentially large (17, 18). Additionally, factors such as pH (7) and the 
concentration of [I–] available in the reaction solution (11) can also affect the [CuxIy]
n cluster 
formed by changing the type of cation created via in situ methods, and by changing the quantity 
of iodide available to coordinate with the Cu(I), respectively. The second of these approaches 
involves using the organic cation as a “structural directing agent” to help the template the [CuxIy]n 
cluster. The rationale behind this approach is that the variability of the cation structure through its 
size, charge to volume ratio, and heteroatom (typically nitrogen for anionic complexes, though 
sulfur and phosphorus are also used) provides numerous different stabilizing interactions that can 
help “direct” the cluster formed (5, 7, 15, 16). Of note with this approach is that the organic cation 
can both directly and indirectly affect the [R]m[CuxIy]
n salt emission. For the indirect effects, the 
organic cation can act as a template for a [CuxIy]
n clusters that produce XMCT or 3CCn CT. In this 
case, while the organic cation is not directly involved with the emission of the compound, it 
nevertheless controls the formation of the [CuxIy]
n cluster that is the origin of the [R]m[CuxIy]
n 
salt’s emission. However, the organic cation can directly affect the [R]m[CuxIy]n salt emission by 
acting as an electron acceptor for intermolecular CT emissions. Organic cations in these cases 
often have large conjugated  systems that are conducive to electron acceptance (6, 10, 11, 12). 
This dual effect on the [R]m[CuxIy]
n salt emission makes the choice of organic cation a vital, if 
complex, tool for the engineering of [CuxIy]
n clusters. 
One approach to the synthesis of the [R]m[CuxIy]
n salts that blends the two approaches – 
varying the organic cation and the reaction conditions – is the use of hydro-/solvothermal reactions. 
17 
 
These reaction conditions generally involve a one-pot synthesis of the [CuxIy]
n cluster and the 
organic cation suspended in solvent for a very long time (up to a week) and at high temperature 
(generally over 100 °C) (6, 7, 10, 11, 12, 15, 16). This synthesis method is now by far the most 
commonly employed for the formation of [R]m[CuxIy]
n salts because the high amount of energy 
available under these conditions allows for the formation of larger and higher dimensional [CuxIy]
n 
clusters that are less kinetically favored than the simpler 0D aggregates and small 1D chains (4). 
Additionally, solvothermal reaction conditions also allow the in situ formation of novel organic 
cations via reactions - such as alkylation and acylation - at the cation that are otherwise 
synthetically inaccessible. Given the importance of organic cations on the cluster formation and 
emission of [R]m[CuxIy]
n salts, this advantage cannot be overstated. However, there are two major 
drawbacks of this method that make its applicability – and therefore the applicability of the 
[R]m[CuxIy]
n salts generated by this method – limited. The first is that solvothermal methods only 
provide thermodynamic control of the reaction – in other words, it is very hard to predict and 
control what reactions happen under these conditions and what cations are formed (4). 
Additionally, solvothermal reactions are something of molecular black boxes – it is hard to know 
what mechanism formed the resulting products, and therefore optimizing any of these procedures 
for industrial purposes is challenging. 
 
This project 
As seen in the prior attempts at engineering the [R]m[CuxIy]
n system, an understanding of 
controls on these synthesis through organic cation templating (i.e., size, heteroatom, halide, etc.) 
and non-solvothermal synthesis is necessary in order to allow full realization of the potential 
applications of the [R]m[CuxIy]
n salts. Given these challenges, the goal of this project was to 
develop a better understanding of the effect that the organic cation in the [CuxIy]
n system has on 
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both the [CuxIy]
n
 cluster structure, and on the overall luminescence characteristics of the 
compound. The cation system that we chose for this project was that of alkylated pyridine and 
related systems. This cation system will be generally abbreviated [RAr]m, where m = 1 or 2, for 
the rest of the work (see Figure 2).  
Figure 3: Alkyl arylinium cations ([RAr]m) used in [RAr]m[CuxIy]n salt synthesis  
 
This choice in cation systems was very deliberate, because it allowed us to systematically 
investigate many different cation variables, such as size, charge-to volume ratio and electronic 
substitution, while keeping the overall cation conducive to CT acceptance. The first part of this 
cation system is the pyridinium, quinolinium, 4,4ʹ -bipyridinium, and 3-substituted pyridinium aryl 
cores. These conjugated aryl systems are excellent  acceptors (i.e., they have very stable * 
acceptor orbitals) and are known to participate in intermolecular charge transfer (11, 12). The idea 
is that these cores would facilitate intermolecular charge transfer between our anionic [CuxIy]
n 
clusters and the [RAr]m cation. Additionally, by substituting our organic cations with electron 
withdrawing groups (EWGs), were we to observe intermolecular charge transfer, we would be 
able to change the emission wavelengths of these compounds since the electronic nature of the 
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acceptor orbital has changed. This would allow us to investigate the tunability, or direct effect, of 
the [RAr]m cation on the [RAr]m[CuxIy]
n salts emission. 
 The second part of this cation system – the alkyl chain – would be used to determine the 
effect of the [CuxIy]
n cluster on the compounds emission and the effect that the [RAr]m cation has 
on the structure of the [CuxIy]
n cluster. By varying the length of the alkyl chain, we can vary the 
size of our counter cation without adding too much electronic complication to the salt, and thus 
see the effect that the size of our counter cation has on the size of the [CuxIy]
n cluster. There is 
preliminary evidence to suggest that increasing the size and branching of organic cations can lead 
to larger [CuxIy]
n clusters, since by increasing the quantity of H bond donors through increasing 
branching, one can bring about the formation of larger, more thermodynamically favorable 
[CuxIy]
n clusters that are kinetically disfavored (5, 15). Additionally, there is a packing argument. 
In crystal packing, the lattice that minimizes empty space is often the one favored. In ionic 
compounds, this efficient use of space is most often found when the cation and the anion have 
similar sizes. It then follows that using larger cations should lead to crystals with larger anionic 
clusters. Additionally, the larger counter cations may indirectly affect the compound’s emission, 
since the presence of larger [CuxIy]
n clusters may facilitate charge transfer interactions, simply by 
increasing number of potential donor orbitals. 
In essence, the three questions we’re trying to answer with this project are 
1. Does the size of the organic cation modulate the size and type of [CuxIy]n cluster 
produced?  
2. By using a systematically designed organic cation, can we produce [RAr]m[CuxIy]n 
salts that exhibit intermolecular charge transfer? 
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3. For a given anionic cluster, does changing the electronic makeup of the organic cation 
effect the emission? 
Thus, this project was divided into a synthetic/structural portion, and a photophysical 
portion. The synthetic and structural portion by far demanded the most time to address, since non-
solvothermal synthesis methods for the anionic [CuxIy]
n clusters were not well established, and 
producing any meaningful trends in cation and cluster structure required synthesizing and 
crystallizing a large number of organic cations and iodocuprate salts. However, the photophysical 
aspect to this project was also important, since determining whether these compounds were 
emissive, and if so what the origin of the emission was, would allow us to draw larger conclusions 
about the direct and indirect effects of organic cation templating on the [RAr]m[CuxIy]
n salt 
emission.  Therefore, this project could contribute to literature on [CuxIy]
n clusters by developing 
non-solvothermal synthetic methods for these [RAr]m[CuxIy]
n salts, forming trends between the 
cation and cluster structures, and potentially determining the overall effect of the organic cation 
and the [CuxIy]
n cluster on the compounds emission. Each of these areas are vital to develop if 
[RAr]m[CuxIy]
n salts industrial applications to sensors, semiconductors, and photocatalysts are ever 
to be fully realized.  
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Experimental: 
General 
All reagents were purchased from Aldrich or Acros and were used as received. Proton 
NMR spectra were collected in 5 mm o.d. NMR tubes on a Varian Mercury 400VX NMR 
spectrometer operating in the pulse Fourier transform mode. Chemical shifts were measured with 
respect to internal solvent. All coupling constants are reported in Hz and JHH. Diffuse reflectance 
spectra were collected on solid samples at 298 K. The light source was a Mikropack DH-2000 
deuterium and halogen light source coupled with an Ocean Optics USB4000 detector. Scattered 
light was collected with a fiber optic cable. Spectra were referenced with PTFE. Data were 
processed using SpectraSuite 1.4.2_09. Steady-state luminescence spectra of 5, 19, 20, and 22 
were taken with a Quantamaster-1046 photoluminescence spectrometer from Photon Technology 
International. This device uses a 75W xenon arc lamp combined with two excitation 
monochromators and one emission monochromator to adjust the bandwidth of light hitting the 
sample and detector, respectively. Signal intensity was measured using a photomultiplier tube. The 
samples were mounted on a copper plate using non-emitting copperdust-high vacuum grease. Low-
temperature scans were run on this system coupled to a Janis ST- 4 100 optical cryostat. Liquid 
nitrogen was used as coolant. 
[RPy]+[I]– Syntheses   
[HPy][I]: Hydroiodic acid (0.762 g, 6.000 mmol) and pyridine were combined in equal 
stoichiometric amounts (0.475 g, 6.000 mmol) and heated for 12 h at 100 °C, which produced a 
brown oil. Upon trituration with Et2O for approximately 1 h, a light grey powder was produced; 
this powder was then collected via decantation and dried overnight under vacuum. Mass product: 
0.597 g, yield: 49.7%. 1H-NMR (400 MHz, d6-DMSO) δ = 8.92 (dd, J = 4.7, 1.6 Hz, 2H), 8.56 (tt, 
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J = 7.9, 1.6 Hz, 1H), 8.04 (dqd, J = 4.3, 1.2 Hz, 2H).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
 [MePy][I]: Methyl iodide (2.035 g, 10.433 mmol) and pyridine were combined in equal 
stoichiometric amounts (1.130 g, 10.433 mmol) and heated for 12 h at 100 °C, which produced a 
white solid and was collected via decantation. Mass product: 2.164 g, yield: 68.4%. 1H-NMR (400 
MHz, d6-DMSO) δ = 8.99 (d, J = 5.5Hz, 2H), 8.60 (t, J = 7.9 Hz, 1H), 8.14 (t, J = 7.1 Hz, 2H), 
4.36 (s, 3H) 
[EtPy][I]: Ethyl iodide (1.551 g, 9.944 mmol) and pyridine were combined in equal 
stoichiometric amounts (0.786 g, 9.936 mmol) and heated for 12 h at 115 °C , which produced a 
brown oil and was collected via decantation. Mass product: 1.620 g, yield: 69.3%. 1H-NMR 
(400MHz, d6-acetone) δ = 9.67 (d, J = 5.9 Hz, 2H), 8.67 (d, J = 7.4 Hz, 1H), 8.29 (t, J = 7.0 Hz, 
2H), 5.00 (q, J = 7.6 Hz, 2H), 1.73 (t, J = 7.4 Hz, 3H) 
 [PrPy][I]: Propyl iodide (1.461 g, 8.595 mmol) and pyridine were combined in equal 
stoichiometric amounts (0.680 g, 8.597 mmol) and heated for 12 h at 100 °C; this produced a light 
brown oil which was collected via decantation. Mass product: 1.503 g, yield: 70.2%.  1H-NMR 
(400 MHz, d6-acetone) δ = 9.10 (d, J = 5.5 Hz, 2H), 8.79 (tt, J = 7.4, 1.2 Hz, 1H), 8.30 (t, J = 7.0 
Hz, 2H), 4.96 (t, J = 7.4 Hz, 2H), 2.15 (m, 2H), 1.02 (t, J = 7.4 Hz, 3H) 
[BuPy][I]: Butyl iodide (1.918 g, 10.422 mmol) and pyridine (0.825 g, 10.430 mmol) were 
combined in equal stoichiometric amounts and heated for 12 h at 100 °C; this produced a dark 
brown oil which was collected via decantation. Mass product: 1.776 g, yield: 64.7%.  1H-NMR 
(400 MHz, d6-acetone) δ = 9.94 (d, J = 6.3 Hz, 2H), 8.79 (dd, J = 8.5, 1.1 Hz, 1H), 8.29 (t, J=7.1 
Hz, 2H), 4.99 (t, J = 7.4 Hz, 2H), 2.10 (m, 2H), 1.46 (m, 2H), 0.96 (t, J = 7.4 Hz, 3H)  
[PnPy][I]: Pentyl iodide (1.550 g, 7.826 mmol) and pyridine (0.610 g, 7.712 mmol) were 
combined in equal stoichiometric amounts and heated for 12 h at 100 °C; this produced a dark 
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brown oil which was collected via decantation. Mass product: 1.119 g, yield: 51.8%.  1H-NMR 
(400 MHz, d6-acetone) δ = 9.49 (d, J = 5.5 Hz, 2H), 8.70 (dd, J = 7.9, 1.1 Hz, 1H), 8.29 (t, J = 7.1 
Hz, 2H), 4.97 (t, J = 7.4 Hz, 2H), 2.30 (q, J = 7.4 Hz, 2H), 1.40 (m, 2H H3, 2H H4), 0.89 (t, J = 
7.4 Hz, 3H)  
[HxPy][I]: Hexyl iodide (1.501 g, 7.078 mmol) and pyridine (0.559 g, 7.067 mmol) were 
combined in equal stoichiometric amounts and heated for 12 h at 100 °C; this produced a dark 
brown oil which was collected via decantation. Mass product: 1.427 g, yield: 69.2%.  1H-NMR 
(400 MHz, d6-acetone) δ = 9.51 (d, J = 5.6 Hz, 2H), 8.78 (tt, J = 7.8, 1.6 Hz, 1H), 8.29 (t, J = 7.4 
Hz, 2H), 4.98 (t, J = 7.7 Hz, 2H), 2.13 (p, J = 7.8 Hz, 2H), 1.43 (m, 2H), 1.32 (m, 2H H4, 2H H5), 
0.86 (t, J = 7.1 Hz, 3H) 
[HQn][I]: Hydroiodic acid (0.763 g, 5.999 mmol) and quinoline (0.775 g, 6.000 mmol) 
were combined in equal stoichiometric amounts and heated for 12 h at 100 °C; this produced a tan 
oil that cooled into a tan powder. This powder was collected via decantation, washed with Et2O, 
and dried overnight under vacuum. Mass product: 0.608 g, yield: 39.5%. 1H-NMR (400MHz, d6-
DMSO) δ = 9.30 (d, J = 4.7 Hz, 1H), 9.16 (d, J = 8.2 Hz, 1H), 8.37 (d, J = 8.2 Hz, 1H), 8.24 (d, J 
= 7.8 Hz, 1H), 8.14 (t, 7.6 Hz, 1H), 8.08 (sds, J = 5.5, 2.7 Hz, 1H), 7.95 (t, J = 7.4 Hz, 1H) 
[PrQn][I]: Propyl iodide (1.381 g, 8.124 mmol) and quinoline (1.050 g, 8.129 mmol) were 
combined in equal stoichiometric amounts and heated for 12 h at 100 °C, which produced a light 
brown oil. Upon titration with Et2O, the brown oil produced a light yellow powder, which was 
dried overnight under vacuum. Mass product: 2.105 g, yield: 86.6%. 1H-NMR (400 MHz, d6-
DMSO) δ = 9.61 (d, J = 5.9 Hz, 1H), 9.32 (d, J = 8.2 Hz, 1H), 8.66 (d, J = 9.0 Hz, 1H), 8.51 (d, J 
= 8.2 Hz, 1H), 8.27 (dsd, J = 7.3, 1.4 Hz, 1H), 8.21 (sds, J = 5.9, 2.7 Hz, 1H), 8.06 (t, J = 7.7 Hz, 
1H), 5.05 (t, J = 7.5 Hz, 2H), 2.00 (6, J = 7.4 Hz, 2H), 0.97 (t, J = 7.5 Hz, 3H) 
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[BuQn][I]: Butyl iodide (1.012 g, 5.499 mmol) and quinoline (0.710 g, 5.497 mmol) were 
combined in equal stoichiometric amounts and heated for 12 h at 100 °C, which produced a light 
brown oil. Upon titration with Et2O, the brown oil produced a brown powder, which was dried 
overnight under vacuum. Mass product: 1.264 g, yield: 73.4%. 1H-NMR (400 MHz, CdCl3) δ = 
10.2 (dd, J = 4.7, 1.2 Hz, 1H), 9.20 (d, J = 8.2 Hz, 1H), 8.43 (d, J = 9.0 Hz, 1H), 8.37 (dd, J = 7.0, 
1.2 Hz, 1H), 8.21 (dtd, J = 5.5, 1.7 Hz, 1H), 8.14 (sds, J = 7.7, 2.7 Hz, 1H), 7.94 (t, J = 7.8 Hz, 
1H), 5.29 (t, J = 7.7 Hz, 2H), 2.05 (m, 2H), 1.50 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H)  
[PnQn][I]: Pentyl iodide (1.375 g, 6.943 mmol) and quinoline (0.897 g, 6.945 mmol) were 
combined in equal stoichiometric amounts and heated for 12 h at 100 °C, which produced a light 
brown oil. Upon titration with Et2O, the brown oil produced a tan powder, which was dried 
overnight under vacuum. Mass product: 1.928 g, yield: 84.9%. 1H-NMR (400 MHz, d6-DMSO) 
δ= 9.59 (d, J = 5.8 Hz, 1H), 9.31 (d, J = 8.2 Hz, 1H), 8.64 (d, J = 9.0 Hz, 1H), 8.51 (d, J=8.2 Hz, 
1H), 8.29 (td, J = 6.7, 1.5, 1.2 Hz, 1H), 8.20 (sds, J = 5.6, 2.8 Hz, 1H), 8.06 (t, J = 7.6 Hz, 1H), 
5.07 (t, J = 7.5 Hz, 2H), 1.97 (5, J =7.4 Hz, 2H), 1.37 (m, 2H H3, 2H H4), 0.86 (t, J = 6.9 Hz, 3H)  
[HxQn][I]: Hexyl iodide (1.420 g, 6.696 mmol) and quinoline (0.867 g, 6.713 mmol) were 
combined in equal stoichiometric amounts and heated for 12 h at 100 °C, which produced a light 
brown oil. Upon titration with Et2O, the brown oil produced a tan powder, which was dried 
overnight under vacuum. Mass product: 1.310 g, yield: 56.5%. 1H-NMR (400 MHz, d6-DMSO) δ 
= 9.59 (d, J = 5.5 Hz, 1H), 9.31 (d, J = 8.6 Hz, 1H), 8.63 (d, J = 8.6 Hz, 1H), 8.51 (d, J = 7.8 Hz, 
1H), 8.29 (t, J = 7.9 Hz, 1H), 8.20 (sds, J = 2.9, 2.0 Hz, 1H), 8.06 (t, J = 7.4 Hz, 1H), 5.07 (t, J = 
7.5 Hz, 2H), 1.97 (5, J = 7.4 Hz, 2H), 1.40 (m, 2H), 1.28 (m, 2H H4, 2H H5), 0.85 (t, J = 7.2 Hz, 
3H)  
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[HpQn][I]: Heptyl iodide (1.141 g, 5.046 mmol) and quinoline (0.651 g, 5.040 mmol) were 
combined in equal stoichiometric amounts and heated for 12 h at 100 °C, which produced a light 
brown oil. Upon titration with Et2O, the brown oil produced a tan powder, which was dried 
overnight under vacuum. Mass product: 1.469 g, yield: 82.1%. 1H-NMR (400 MHz, d6-acetone) δ 
= 10.1 (dd, J = 4.3, 1.4 Hz, 1H), 9.43 (d, J = 8.2 Hz, 1H), 8.82 (d, J = 9.0 Hz, 1H), 8.60 (dd, J = 
6.7, 1.5 Hz, 1H), 8.35 (dtd, J = 5.4, 1.7 Hz, 1H), 8.28 (sds, J = 5.9, 2.3 Hz, 1H), 8.11 (dtd, J = 6.2, 
0.8 Hz, 1H), 5.38 (t, J = 7.4 Hz, 2H), 2.85 (s, H2O) ,2.21 (m, 2H), 1.58 (9, 2H), 1.39 (5, 2H), 1.28 
(m, 2H H5, 2H H6), 0.93 (t, J = 7.4 Hz, 3H)  
[Me2(4,4ʹ-Bpy)][I2]: Methyl iodide (excess) and 4,4ʹ-dipyridyl (0.780 g, 5.000 mmol) were 
combined in acetonitrile (MeCN) and heated for 12 h at 100 °C, which produced a dark red 
crystalline powder. The powder was washed with Et2O, collected via decantation and dried 
overnight under vacuum. Mass product: 1.055 g, yield: 48.0%. 1H-NMR (400 MHz, d6-DMSO) δ 
= 9.30 (d, J = 6.6 Hz, 4H), 8.78 (d, J = 6.6 Hz, 4H), 4.45 (s, 6H), 3.35 (s, water)  
[Et2(4,4ʹ-Bpy)][I2]: Ethyl iodide (excess) and 4,4ʹ-dipyridyl (0.802 g, 5.135 mmol) were 
combined in acetonitrile (MeCN) and heated for 12 h at 100 °C, which produced a bright orange 
powder. The powder was washed with Et2O, collected via decantation and dried overnight under 
vacuum. Mass product: 2.204 g, yield: 91.7%.  1H-NMR (400 MHz, d6-DMSO) δ = 9.40 (d, J = 
7.1 Hz, 4H), 8.805 (d, J = 7.1 Hz, 4H), 4.73 (q, J = 7.1 Hz, 4H), 3.34 (s, water), 1.61 (t, J = 7.2 Hz, 
6H)  
[Pr2(4,4ʹ-Bpy)][I2]: Propyl iodide (excess) and 4,4ʹ-dipyridyl (0.750 g, 4.802 mmol) were 
combined in acetonitrile (MeCN) and heated for 12 h at 100 °C, which produced a bright red 
powder. The powder was washed with Et2O, collected via decantation and dried overnight under 
vacuum. Mass product: 1.406 g, yield: 57.8%. 1H-NMR (400 MHz, d6-DMSO) δ = 9.41 (d, J = 6.6 
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Hz, 4H), 8.81 (d, J = 6.7 Hz, 4H), 4.68 (t, J = 7.2 Hz, 4H), 3.32 (s, water), 2.01 (6, J = 7.3 Hz, 4H), 
0.93 (t, J = 7.2 Hz, 6H)  
[Bu2(4,4ʹ-Bpy)][I2]: Butyl iodide (excess) and 4,4ʹ-dipyridyl (0.624 g, 4.000 mmol) were 
combined in acetonitrile (MeCN) and heated for 24 h at 100 °C, which produced a bright red 
powder. The powder was washed with Et2O, collected via decantation and dried overnight under 
vacuum. Mass product: 1.507 g, yield: 71.9%. 1H-NMR (400 MHz, d6-DMSO) δ= 9.41 (d, J = 6.6 
Hz, 4H), 8.80 (d, J = 6.7 Hz, 4H), 4.71 (t, J = 7.5 Hz, 4H), 3.33 (s, H2O), 1.97 (5, J = 7.4 Hz, 4H), 
1.34 (6, J = 7.5, 4H), 0.94 (t, J = 7.5 Hz, 6H)  
[Pn2(4,4ʹ-Bpy)][I2]: Pentyl iodide (excess) and 4,4ʹ-dipyridyl (0.700 g, 4.482 mmol) were 
combined in acetonitrile (MeCN) and heated for 12 h at 100 °C, which produced a dark red 
crystalline powder. The powder was washed with Et2O, collected via decantation and dried 
overnight under vacuum. Mass product: 1.897 g, yield: 76.6%. 1H-NMR (400 MHz, d6-DMSO) δ 
= 9.40 (d, J = 7.0 Hz, 4H), 8.79 (d, J = 7.1 Hz, 4H), 4.69 (t, J = 7.4 Hz, 4H), 3.32 (s, H2O), 1.99 
(5, J = 7.4 Hz, 4H), 1.34 (m, 4H H3, 4H H4), 0.89 (t, J = 7.1 Hz, 6H)  
[Bu 3-PyCN][I]: Butyl iodide (0.308 g, 1.672 mmol) and 3-cyanopyridine (0.175 g, 1.681 
mmol) were combined in equal stoichiometric amounts and heated for 12 h at 100 °C, which 
produced an oily brown solid; this was then triturated with Et2O for approximately 1 h to produce 
a right red powder, which was then collected via decantation and dried overnight under vacuum. 
Mass product: 0.382 g, yield: 79.1%. 1H-NMR (400 MHz, acetone-d6) δ = 10.14 (s, 1H), 9.84 (d, 
J = 6.3 Hz, 1H), 9.17 (dt, J =5.5, 1.3 Hz, 1H), 8.54 (t, 5.5 Hz, 1H), 5.08 (t, J = 19 Hz, 2H), 2.17 
(m, 2H), 1.53 (m, 2H), 0.99 (t, J = 19Hz, 3H) 
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[Bu 3-PyCl][I]: Butyl iodide (2.024 g, 11.000 mmol) and 3-chloropyridine (1.237 g, 10.900 
mmol) were combined in equal stoichiometric amounts and heated for 12 h at 100 °C, which 
produced an dark brown oil; this was then triturated with Et2O for approximately 1 h to produce a 
tan powder, which was then collected via decantation and dried overnight under vacuum. Mass 
product: 2.847 g, yield: 95.7%. 1H-NMR (400 MHz, d6-acetone) δ = 9.75 (s, 1H), 9.50 (d, J = 5.9 
Hz, 1H), 8.83 (dq, J = 5.0, 1.2 Hz, 1H), 8.35 (t, J = 6.3Hz, 1H), 5.00 (t, J = 7.8 Hz, 2H), 2.16 (m, 
2H), 1.49 (m, 2H), 0.97 (t, J = 7.4 Hz, 3H) 
[Bu 3-PyBr][I]: Butyl iodide (1.167 g, 6.342 mmol) and 3-bromopyridine (1.002 g, 6.342 
mmol) were combined in equal stoichiometric amounts and heated for 12 h at 100 °C, which 
produced an brown oil; this was then triturated with Et2O for approximately 1 h to produce a light 
brown powder, which was then collected via decantation and dried overnight under vacuum. Mass 
product: 1.532 g, yield: 70.6%. 1H-NMR (400 MHz, d6-DMSO) δ = 9.53 (s, 1H), 9.14 (d, J = 5.9 
Hz, 1H), 8.87 (qd, J = 5.3, 1.1 Hz, 1H), 8.35 (sds, J = 6.1, 2.3Hz, 1H), 4.58 (t, J = 7.6 Hz, 2H), 
1.98 (m, 2H), 1.29 (6, J = 7.4 Hz, 2H), 0.99 (t, J = 7.0 Hz, 3H) 
[Bu 3-PyI][I]: Butyl iodide (excess) and 3-iodopyridine (0.080 g, 0.388 mmol) were 
combined and heated for 12 h at 100 °C, which produced an brown oil; this was then washed with 
acetone to produce a white powder, which was then collected via decantation and dried overnight 
under vacuum. Mass product: 0.077 g, yield: 51.0%. 1H-NMR (400 MHz, d6-DMSO-) δ = 9.49 (s, 
1H), 9.12 (d, J = 6.1 Hz, 1H), 8.95 (d, J = 8.2 Hz, 1H), 7.93 (t, J = 7.1Hz, 1H), 4.54 (t, J = 7.5 Hz, 
2H), 3.32 (s, H2O), 1.89 (5, J = 7.4 Hz, 2H), 1.28 (6, J = 7.4 Hz, 2H), 0.90 (t, J = 7.2 Hz, 3H) 
[Bu 3-PyMeO][I]: Butyl iodide (excess) and 3-methoxypyridine (0.591 g, 5.414 mmol) 
were combined and heated for 36 h at 100 °C, which produced an brown oil; this was then washed 
with Et2O and dried overnight under vacuum. Mass product: 1.538 g, yield: 96.9%. 
1H-NMR (400 
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MHz, d6-acetone) δ = 9.35 (d, J = 0.8 Hz, 1H), 9.01 (d, J = 5.8 Hz, 1H), 8.27 (dd, J = 6.9, 1.9 Hz, 
1H), 8.12 (t, J = 7.6 Hz, 1H), 4.95 (t, J = 7.7 Hz, 2H), 4.13 (s, 3H), 2.87 (s, H2O), 2.06 (m, 2H), 
1.28 (6, J = 7.6 Hz, 2H), 0.91 (q, J = 7.3 Hz, 3H)  
1HNMR spectra of [RPy]+[I]– salts 
Figure 4: 1H-NMR spectra of [HPy][I]
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Figure 5: 1H-NMR spectra of [MePy][I]
 
 
Figure 6: 1H-NMR spectra of [EtPy][I]
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Figure 7: 1H-NMR spectra of [PrPy][I]  
 
 
Figure 8: 1H-NMR spectra of [BuPy][I]
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Figure 9: 1H-NMR spectra of [HxPy][I]
 
 
Figure 10: 1H-NMR spectra of [HQn][I]
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Figure 11: 1H-NMR spectra of [PrQn][I]
 
 
Figure 12: 1H-NMR spectra of [BuQn][I] 
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Figure 13: 1H-NMR spectra of [PnQn][I] 
 
 
Figure 14: 1H-NMR spectra of [HxQn][I] 
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Figure 15: 1H-NMR spectra of [HpQn][I] 
 
 
Figure 16: 1H-NMR spectra of [Me2(4,4ʹ-Bpy)][I]2
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Figure 17: 1H-NMR spectra of [Et2(4,4ʹ-Bpy)][I]2
 
 
Figure 18: 1H-NMR spectra of [Pr2(4,4ʹ-Bpy)][I]2
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Figure 19: 1H-NMR spectra of [Bu2(4,4ʹ-Bpy)][I]2 
Figure 20: 1H-NMR spectra of [Pn2(4,4ʹ-Bpy)][I]2
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Figure 21: 1H-NMR spectra of [Bu 3-PyCN][I]
  
 
Figure 22: 1H-NMR spectra of [Bu 3-PyCl][I]
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Figure 23: 1H-NMR spectra of [Bu 3-PyBr][I] 
 
 
 
Figure 24: 1H-NMR spectra of [Bu 3-PyI][I]
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Figure 25: 1H-NMR spectra of [Bu 3-PyOMe][I]
 
 
[RAr]+[CuI2]
– Syntheses  
{[HPy]3[Cu3I6]}n (1): Py (0.079 g, 1.000 mmol) and HI (0.127 g, 1.000 mmol) were 
dissolved in approximately 20 mL dry acetone to form a yellow solution. An equimolar amount of 
CuI (0.190 g, 1.000 mmol) was added to the solution at which time the CuI turned into a light 
yellow/grey color and formed a yellow suspension in the acetone. This suspension was stirred for 
30 min, after which time the powder was collected via decantation, washed with Et2O, and dried 
overnight under vacuum. Mass product: 0.038  g, yield: 9.57%  
{[MePy][Cu2I3]}n (2): MePyI (0.331 g, 1.500 mmol) was dissolved in approximately 20 
mL dry EtOH to form a yellow solution. An equimolar amount of CuI (0.285 g, 1.500 mmol) was 
added to the solution, and formed a yellow powder. This suspension was stirred for 30 min, at 
which time the powder was collected via decantation, washed with Et2O, and dried overnight under 
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vacuum. Mass product: 0.370 g, yield: 60.1%. clear needle crystals of the product were grown by 
slow diffusion of Et2O into a MeCN solution of the product. 
{[EtPy][Cu3I4]}n (3): EtPyI (0.352 g, 1.500 mmol) was dissolved in approximately 20 mL 
dry EtOH to form a yellow solution. An equimolar amount of CuI (0.285 g, 1.500 mmol) was 
added to the solution, and formed a tan powder. This suspension was stirred for 30min, at which 
time the powder was collected via decantation, washed with Et2O, and dried overnight under 
vacuum. Mass product: 0.340g, yield: 53.4%. Crystals (yellow blocks) of the product were grown 
by slow diffusion of Et2O into a MeCN solution of the product. 
{[PrPy][Cu2I3]•MeCN}n (4): PrPyI (0.350 g, 1.401 mmol) was dissolved in approximately 
20 mL dry EtOH to form a yellow solution. An equimolar amount of CuI (0.270 g, 1.418 mmol) 
was added to the solution, and formed a yellow powder. This suspension was stirred for 30 min, 
at which time the powder was collected via centrifugation, washed with Et2O, and dried overnight 
under vacuum. Mass product: 0.292 g, yield: 47.1%. Crystals (yellow needles) of the product were 
grown by slow diffusion of Et2O into a MeCN solution of the product. 
{[BuPy]4[Cu10I14]}n (5): BuPyI (0.267 g, 1.015 mmol) was dissolved in approximately 20 
mL dry ethanol (EtOH) to form a bright yellow solution. An equimolar amount of CuI (0.206 g, 
1.081 mmol) was added to the solution, and formed a dark brown gum. This suspension was 
allowed to stir for 30 min, at which time the brown gum was isolated and washed with acetone, 
forming a light yellow powder. This powder was then collected by centrifugation and dried 
overnight under vacuum. Mass product: 0.203 g, yield: 44.1%. Crystals (yellow needles) of the 
product were grown by slow diffusion of Et2O into a MeCN solution of the product. 
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{[HxPy]2[Cu5I7]•MeCN}n (6): HxPyI (0.912 g, 3.132 mmol) was dissolved in 
approximately 20 mL dry EtOH to form a brown solution. An equimolar amount of CuI (0.598 g, 
3.140 mmol) was added to the solution, and formed a tan powder. This suspension was stirred for 
30 min, at which time the powder was collected via centrifugation, washed with acetone, and dried 
overnight under vacuum. Mass product: 0.832 g, yield: 55.1%. Crystals (yellow blades) of the 
product were grown by slow diffusion of Et2O into a MeCN solution of the product. 
{[HQn][CuI2]}n (7): Qn (0.129 g, 1.000 mmol) and HI (0.127 g, 1.00 mmol) were dissolved 
in approximately 20 mL dry acetone to form a yellow solution. An equimolar amount of CuI (0.190 
g, 1.000 mmol) was added to the solution at which time the CuI turned into a dark red color and 
formed a red suspension in the acetone. This suspension was stirred for 30 min, after which time 
the powder was collected via centrifugation, washed with Et2O, and dried overnight under vacuum. 
Mass product: 0.163 g, yield: 36.5%. Crystals (red needles) of the product were grown by slow 
diffusion of Et2O into a MeCN solution of the product. 
{[PrQn][Cu2I3]}n (8): PrQnI (0.365 g, 1.220 mmol) was dissolved in approximately 20 mL 
dry EtOH to form an orange solution. An equimolar amount of CuI (0.231 g, 1.212 mmol) was 
added to the solution, and formed an orange powder. This suspension was stirred for 30 min, at 
which time the powder was collected via centrifugation, washed with Et2O, and dried overnight 
under vacuum. Mass product: 0.258 g, yield: 43.3%. Crystals (orange needles) of the product were 
grown by slow diffusion of Et2O into a MeCN solution of the product. 
{[BuQn]2[Cu5I7]•0.5MeCN}2n (9):  BuQnI (0.143 g, 0.457 mmol) was dissolved in 
approximately 20 mL dry EtOH to form an orange solution. An equimolar amount of CuI (0.087 
g, 0.457 mmol) was added to the solution, and formed a red powder. This suspension was stirred 
for 30 min, at which time the powder was collected via decantation, washed with Et2O, and dried 
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overnight under vacuum. Mass product: 0.096 g, yield: 41.7% Crystals (red needles) of the product 
were grown by slow diffusion of Et2O into a MeCN solution of the product. 
{[PnQn]2[Cu5I7]}n (10): PnQnI (0.512 g, 1.565 mmol) was dissolved in approximately 20 
mL dry EtOH to form an orange solution. An equimolar amount of CuI (0.297 g, 1.560 mmol) was 
added to the solution, and formed a red powder. This suspension was stirred for 30 min, at which 
time the powder was collected via decantation, washed with Et2O, and dried overnight under 
vacuum. Mass product: 0.460 g, yield: 56.8%. Crystals (red blocks) of the product were grown by 
slow diffusion of Et2O into a MeCN solution of the product. 
{[HxQn]2[Cu5I7]•MeCN}n (11): HxQnI (0.512 g, 1.500 mmol) was dissolved in 
approximately 20 mL dry EtOH to form an orange solution. An equimolar amount of CuI (0.285 
g, 1.496 mmol) was added to the solution, and formed a dark red powder. This suspension was 
stirred for 30 min, at which time the powder was collected via centrifugation, washed with Et2O, 
and dried overnight under vacuum. Mass product: 0.398 g, yield: 49.9%.  Crystals (red blocks) of 
the product were grown by slow diffusion of Et2O into a MeCN solution of the product. 
{[HpQn]2[Cu5I7]•MeCN}n (12): HpQnI (0.411 g, 1.157 mmol) was dissolved in 
approximately 20 mL dry EtOH to form an orange solution. An equimolar amount of CuI (0.220 
g, 1.155 mmol) was added to the solution, and formed a dark red powder. This suspension was 
stirred for 30 min, at which time the powder was collected via centrifugation, washed with Et2O, 
and dried overnight under vacuum. Mass product: 0.275 g, yield: 43.5%. Crystals (red blocks) of 
the product were grown by slow diffusion of Et2O into a MeCN solution of the product. 
{[Me2(4,4ʹ-Bpy)][Cu2I4]}n (13): Me2(4,4ʹ-Bpy) (0.318 g, 0.723 mmol) was dissolved in 
approximately 20ml DMF to form a dark red solution. An equimolar amount of CuI (0.140  g, 
0.735 mmol) was added to the solution, and formed a black powder. This suspension was stirred 
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for 30 min, at which time the powder was collected via centrifugation, washed with Et2O, and 
dried overnight under vacuum. Mass product: 0.159 g, yield: 34.7%. Crystals (black needles) of 
the product were grown by slow diffusion of DMF/Et2O. 
{[Et2(4,4ʹ-Bpy)][Cu2I4]}n (14): Et2(4,4ʹ-Bpy) (0.375 g, 0.801 mmol) was dissolved in 
approximately 20 mL MeOH to form a dark red solution. An equimolar amount of CuI (0.140 g, 
0.735 mmol) was added to the solution, and formed a black powder. This suspension was stirred 
for 30 min, at which time the powder was collected via centrifugation, washed with Et2O, and 
dried overnight under vacuum. Mass product: 0.159 g, yield: 14.5%. Crystals (black needles) of 
the product were grown by slow diffusion of DMF/Et2O. 
{[Pr2(4,4ʹ-Bpy)][Cu2I4]}n (15): Pr2(4,4ʹ-Bpy) (0.225 g, 0.690 mmol) was dissolved in 
approximately 20 mL MeOH to form a dark red solution. An equimolar amount of CuI (0.131 g, 
0.688 mmol) was added to the solution, and formed a black powder. This suspension was stirred 
for 30 min, at which time the powder was collected via centrifugation, washed with Et2O, and 
dried overnight under vacuum. Mass product: 0.245 g, yield: 68.8%. Crystals (black needles) of 
the product were grown by slow evaporation of DMSO. 
[Bu2(4,4ʹ-Bpy)]5[Cu8I13]2 (16):  Bu2(4,4ʹ-Bpy) (0.245 g, 0.720 mmol) was dissolved in 
approximately 30 mL MeOH to form a dark red solution. An equimolar amount of CuI (0.138 g, 
0.725 mmol) was added to the solution, and formed a black powder. This suspension was stirred 
for 30 min, at which time the powder was collected via centrifugation, washed with Et2O, and 
dried overnight under vacuum. Mass product: 0.193 g, yield: 50.5%. Crystals (black blocks) of the 
product were grown by slow diffusion of Et2O into a MeCN solution of the product. 
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[Pn2(4,4ʹ-Bpy)]2[Cu5I7(MeCN)2]2 (17): Pn2(4,4ʹ-Bpy) (0.339 g, 0.614 mmol) was dissolved 
in approximately 30 mL MeOH to form a dark red solution. An equimolar amount of CuI (0.117 
g, 0.614 mmol) was added to the solution, and formed a black powder. This suspension was stirred 
for 30 min, at which time the powder was collected via decantation, washed with Et2O, and dried 
overnight under vacuum. Mass product: 0.132 g, yield: 45.6%. Crystals (black blocks) of the 
product were grown by slow diffusion of Et2O into a MeCN solution of the product. 
{[Bu 3-PyCN]2[Cu5I7]•MeCN}n (18): Bu 3-PyCNI (0.139 g, 0.482 mmol) was dissolved 
in approximately 20 mL dry EtOH to form an yellow solution. An equimolar amount of CuI (0.092 
g, 0.483 mmol) was added to the solution, and formed an orange powder. This suspension was 
stirred for 30 min, at which time the dark orange powder was collected via centrifugation, washed 
with Et2O, and dried overnight under vacuum. Mass product: 0.125 g, yield: 54.1%. Crystals (dark 
red needles) of the product were grown by slow diffusion of Et2O into a MeCN solution of the 
product. 
{[Bu 3-PyCl]2[Cu5I7]}n (19): Bu 3-PyClI (0.324 g, 1.089 mmol) was dissolved in 
approximately 20 mL dry EtOH to form an dark orange solution. An equimolar amount of CuI 
(0.207 g, 1.087 mmol) was added to the solution, and formed an orange powder. This suspension 
was stirred for 30 min, at which time the orange powder was collected via centrifugation, washed 
with Et2O, and dried overnight under vacuum. Mass product: 0.291 g, yield: 54.8%. Crystals 
(orange needles) of the product were grown by slow diffusion of Et2O into a MeCN solution of 
the product. 
{[Bu 3-PyBr]4[Cu5I7]•2MeCN}2n (20): Bu 3-PyBrI (0.390 g, 1.140 mmol) was dissolved 
in approximately 20 mL dry EtOH to form an orange solution. An equimolar amount of CuI (0.217 
g, 1.140 mmol) was added to the solution, and formed a light orange powder. This suspension was 
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stirred for 30 min, at which time the orange powder was collected via centrifugation, washed with 
Et2O, and dried overnight under vacuum. Mass product: 0.299 g, yield: 49.3% Crystals (yellow 
blocks) of the product were grown by slow diffusion of Et2O into a MeCN solution of the product. 
[Bu 3-PyI]4[Cu6I10] (21): [Bu 3-PyI][I] (0.035 g, 0.090 mmol) was dissolved in 
approximately 20 mL dry EtOH to form an yellow solution. An equimolar amount of CuI (0.017 
g, 0.089 mmol) was added to the solution, and formed a yellow powder. This suspension was 
stirred for 30 min, at which time the orange powder was collected via centrifugation, washed with 
Et2O, and dried overnight under vacuum. Mass product: 0.034 g, yield: 65.4%. Crystals (yellow 
needles) of the product were grown by slow diffusion of Et2O into a MeCN solution of the product. 
{[Bu 3-PyMeO]2[Cu5I7]•0.5MeCN}n  (22): Bu 3-PyMeOI (0.292 g, 0.996 mmol) was 
dissolved in approximately 20 mL dry EtOH to form an yellow solution. An equimolar amount of 
CuI (0.191 g, 1.000 mmol) was added to the solution, and formed a tan gum. This gum was stirred 
overnight under Ar, at which time a yellow powder had formed. This was quickly isolated via 
centrifugation, washed with Et2O, and dried overnight under vacuum. Mass product: 0.129 g, 
yield: 26.5%. Crystals (orange needles) of the product were grown by slow diffusion of Et2O into 
a MeCN solution of the product. 
X-ray crystallography  
Upon successful collection, crystals were mounted on glass fibers. All measurements 
(except for compounds 1, 5, 7, and 22) were made using graphite-monochromated Mo-Kα 
radiation on a Bruker-AXS three-circle Apex DUO diffractometer, equipped with a SMART Apex 
II CCD detector. Initial space group determination was based on a matrix consisting of 36 frames. 
For compounds 1, 5, 7, and 22, the data collection routine was the same that for the remainder of 
the compounds, except that graphite-monochromated Cu-Kα radiation was used, and initial space 
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group determination was based on a matrix consisting of 120 frames. The data were reduced using 
SAINT+ (19) and empirical absorption correction was applied by using SADABS (20). Intrinsic 
phasing was used to solve structures. Least-squares refinement for all structures was carried out 
on F2, and non-hydrogen atoms were refined anisotropically. Hydrogen atoms were placed in 
riding positions and refined isotropically. Structure solution, refinement, and the calculation of 
derived results were all performed using the SHELXTL (21) and ShelXle (22) software packages. 
Table 2 contains the crystallographic data for the novel compounds prepared in this work, 
as well as new 100 K data sets for previously known compounds. 
 
Table 2. General crystallographic data for prepared compounds 
 1b 4 5b 
internal code no. 564 644 592 
color and habit yellow block yellow needles yellow needle 
size (mm) 0.48 × 0.24 × 0.15 0.45 × 0.03 × 0.02 0.32 × 0.08 × 0.06 
formula C15H18Cu3I6N3 C18H27Cu6I8N3 C36H56Cu10I14N4 
formula weight 1192.34 1681.86 2956.84 
space group P21/m P21/n P21/c 
a, Å 8.8471(3) 13.9901(10) 10.4550(3) 
b, Å 14.1099(4) 10.8190(8) 26.2454(8) 
c, Å 11.5963(4) 24.0532(17) 23.8540(7) 
α, deg 90 90 90 
β, deg 111.8040(10) 99.2430(10) 97.093(2) 
γ, deg 90 90 90 
volume 1344.03(8) 3593.4(4) 6495.3(3) 
Z 2 4 4 
ρcalc, g cm–3 2.946 3.109 3.024 
F(000) 1068 3016 5328 
μ (Mo Kα), mm−1 56.917b 10.375 55.946b 
temp (K) 150(2) 100(2) 100(2) 
residualsa: R; Rw 0.0760; 0.2025 0.0363; 0.0892 0.0336; 0.0892 
goodness of fit 1.190 1.192 1.007 
peak and hole e Å–3 3.535, –1.844 1.493, –1.267 1.308, –1.208 
aR = R1 = ∑||Fo| – |Fc||/∑|Fo| for observed data only.  Rw = wR2 = {∑[w(Fo2 – Fc2)2]/∑[w(Fo2)2]}1/2 
for all data. bData collection using Cu Kα radiation. csee reference 23 for 298 K structural data. 
dsee reference 24 for 223 K structural data. 
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 6 7b 8 
internal code no. 616 567 640 
Color and habit yellow blades red needles orange blades 
size (mm) 0.39 x 0.09 x 0.06 0.47 x 0.15 x 0.14 0.48 x 0.10 x 0.06 
Formula C23H37.50Cu5I7N2.50 C9H8CuI2N C12H14Cu2I3N 
Formula weight 1555.05 447.50 680.02 
space group C2/c P42bc P21/c 
a, Å 33.6214(15) 18.4071(4) 10.3195(3) 
b, Å 10.7706(5) 18.4071(4) 6.7435(2) 
c, Å 25.1921(12) 6.67150(10) 23.0932(7) 
α, deg 90 90 90 
β, deg 124.6180(10) 90 97.9790(10) 
γ, deg 90 90 90 
Volume 7507.5(6) 2260.45(10) 1591.49(8) 
Z 8 8 4 
ρcalc, g cm-3 2.752 2.630 2.838 
F(000) 5672 1632 1240 
μ (Mo Kα), mm−1 8.562 45.250b 8.474 
Temp (K) 100(2) 100(2) 100(2) 
Residualsa: R; Rw 0.0341; 0.0874 0.0416; 0.1102 0.0137; 0.0330 
goodness of fit 1.037 1.101 1.110 
peak and hole eÅ-3 2.336, -1.383 3.244, -1.500 0.432, -0.758 
aR = R1 = ∑||Fo| - |Fc||/∑|Fo| for observed data only.  Rw = wR2 = {∑[w(Fo2 – Fc2)2]/∑[w(Fo2)2]}1/2 
for all data. bdone on Cu Kα radiation. csee reference 23 for 298 K structural data. dsee reference 
24 for 223 K structural data. 
 
 9 10 11 
internal code no. 598 621 636 
Color and habit orange needles red blades red blades 
size (mm) 0.53 x 0.05 x 0.04 0.42 x 0.07 x 0.05 0.37 x 0.10 x 0.06 
Formula C54H67Cu10I14N5 C28H36Cu5I7N2 C32H43Cu5I7N3 
Formula weight 3198.12 1606.59 1675.69 
space group P21/c C2/c P21/c 
a, Å 28.5546(19) 26.907(3) 15.5821(6) 
b, Å 10.6804(7) 10.7553(10) 10.9342(4) 
c, Å 27.9406(19) 27.594(3) 27.2284(11) 
α, deg 90 90 90 
β, deg 115.0370(10) 103.2110(10) 103.8940(10) 
γ, deg 90 90 90 
Volume 7720.5(9) 7774.1(13) 4503.4(3) 
Z 4 8 4 
ρcalc, g cm-3 2.751 2.745 2.472 
F(000) 5832 5872 3088 
48 
 
μ (Mo Kα), mm−1 8.330 8.273 7.147 
Temp (K) 100(2) 100(2) 150(2) 
Residualsa: R; Rw 0.0563; 0.1215 0.0376; 0.0968 0.0246; 0.0542 
goodness of fit 1.139 1.065 1.211 
peak and hole eÅ-3 2.222, -1.860 1.925, -1.436 1.017, -0.687 
aR = R1 = ∑||Fo| - |Fc||/∑|Fo| for observed data only.  Rw = wR2 = {∑[w(Fo2 – Fc2)2]/∑[w(Fo2)2]}1/2 
for all data. bdone on Cu Kα radiation. csee reference 23 for 298 K structural data. dsee reference 
24 for 223 K structural data. 
 
 12 13c 14d 
internal code no. 629 664 662 
Color and habit red blocks black blocks black needles 
size (mm) 0.49 x 0.19 x 0.12 0.30 x 0.11 x 0.10 0.63 x 0.04 x 0.03 
Formula C34H47Cu5I7N3 C12H14Cu2I4N2 C14H18Cu2I4N2 
Formula weight 1703.74 820.93 848.98 
space group P21/c P42212 P42/mnm 
a, Å 15.4928(18) 12.3793(9) 12.4017(10) 
b, Å 10.9436(12) 12.3793(9) 12.4017(10) 
c, Å 27.597(3) 6.4387(5) 6.7293(5) 
α, deg 90 90 90 
β, deg 104.085(2) 90 90 
γ, deg 90 90 90 
Volume 4538.4(9) 986.71(16) 1034.98(18) 
Z 4 2 2 
ρcalc, g cm-3 2.494 2.763 2.724 
F(000) 3152 740 772 
μ (Mo Kα), mm−1 7.094 8.405 8.018 
Temp (K) 100(2) 100(2) 100(2) 
Residualsa: R; Rw 0.0459; 0.1129 0.0104; 0.0288 0.0156; 0.0411 
goodness of fit 1.046 1.272 1.440 
peak and hole eÅ-3 3.750, -1.282 0.847, -0.404 1.129, -0.664 
aR = R1 = ∑||Fo| - |Fc||/∑|Fo| for observed data only.  Rw = wR2 = {∑[w(Fo2 – Fc2)2]/∑[w(Fo2)2]}1/2 
for all data. bdone on Cu Kα radiation. csee reference 23 for 298 K structural data. dsee reference 
24 for 223 K structural data. 
 
 16 17 18 
internal code no. 630 638 645 
Color and habit black blocks black blocks red blocks 
size (mm) 0.48 x 0.19 x 0.02 0.38 x 0.09 x 0.09     0.38 x 0.08 x 0.06 
Formula C90H130Cu16I26N10 C24H36Cu5I7N4 C22H29Cu5I7N5 
Formula weight 5668.07 1586.57 1569.50 
space group P21/n Pc P21/c 
a, Å 23.292(3) 8.4205(3) 14.1523(14) 
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b, Å 22.302(2) 22.4620(8) 10.6793(11) 
c, Å 27.058(3) 21.2824(7) 25.264(3) 
α, deg 90 90 90 
β, deg 92.685(2) 97.8520 104.984(2) 
γ, deg 90 90 90 
Volume 14041(3) 3987.6(2) 3688.5(7) 
Z 4 4 4 
ρcalc, g cm-3 2.681 2.643 2.826 
F(000) 10328 2896 2848 
μ (Mo Kα), mm−1 8.124 8.064 8.717 
Temp (K) 100(2) 100(2) 100(2) 
Residualsa: R; Rw 0.0280; 0.0581 0.0135; 0.0302 0.0247; 0.0560 
goodness of fit 1.135 1.045 1.300 
peak and hole eÅ-3 1.443, -1.151 0.506, -0.308 0.720, -0.666 
aR = R1 = ∑||Fo| - |Fc||/∑|Fo| for observed data only.  Rw = wR2 = {∑[w(Fo2 – Fc2)2]/∑[w(Fo2)2]}1/2 
for all data. bdone on Cu Kα radiation. csee reference 23 for 298 K structural data. dsee reference 
24 for 223 K structural data. 
 
 19 20 21 
internal code no. 653 659 655 
Color and habit orange needles  yellow block yellow blades 
size (mm) 0.34 x 0.11 x 0.05 0.34 x 0.21 x 0.13 0.59 x 0.15 x 0.02 
Formula C20H29Cl2Cu5I7N3 C40H58Br4Cu10I14N6 C18H26Cu3I7N2 
Formula weight 1588.36 3354.56 1349.33 
space group P21/c P21/c P-1 
a, Å 14.4604(10) 28.346(3 9.1888(4) 
b, Å 10.8225(7) 11.4404(12) 11.3217(5) 
c, Å 25.1937(17) 24.058(2) 16.2778(7) 
α, deg 90 90 73.5910(10) 
β, deg 106.1940(10) 106.029(2) 77.4610(10) 
γ, deg 90 90 87.9980(10) 
Volume 3786.3(4) 7498.6(13) 1585.08(12) 
Z 4 4 2 
ρcalc, g cm-3 2.786 2.971 2.827 
F(000) 2880 6048 1212 
μ (Mo Kα), mm−1 8.628 10.702 8.821 
Temp (K) 200(2) 100(2) 100(2) 
Residualsa: R; Rw 0.0293; 0.0722 0.0249; 0.0510 0.0150; 0.373 
goodness of fit 1.114 1.195 1.102 
peak and hole eÅ-3 0.981, -0.936 0.815, -0.610 0.585, -0.744 
aR = R1 = ∑||Fo| - |Fc||/∑|Fo| for observed data only.  Rw = wR2 = {∑[w(Fo2 – Fc2)2]/∑[w(Fo2)2]}1/2 
for all data. bdone on Cu Kα radiation. csee reference 23 for 298 K structural data. dsee reference 
24 for 223 K structural data. 
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 22b 
internal code no. 671 
Color and habit orange blades 
size (mm) 0.42 x 0.03 x 0.02 
Formula C21H33.50Cu5I7N2.50O2 
Formula weight 1559.00 
space group C2/c 
a, Å 36.7069(9) 
b, Å 10.6697(3) 
c, Å 24.9824(6) 
α, deg 90 
β, deg 129.1920(10) 
γ, deg 90 
Volume 1559.00 
Z 8 
ρcalc, g cm-3 2.731 
F(000) 5672 
μ (Mo Kα), mm−1 48.022 
Temp (K) 100(2) 
Residualsa: R; Rw 0.0356; 0.0878 
goodness of fit 1.023 
peak and hole eÅ-3 1.394, -1.401 
aR = R1 = ∑||Fo| - |Fc||/∑|Fo| for observed data only.  Rw = wR2 = {∑[w(Fo2 – Fc2)2]/∑[w(Fo2)2]}1/2 
for all data. bdone on Cu Kα radiation. csee reference 23 for 298 K structural data. dsee reference 
24 for 223 K structural data. 
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Results and Discussion: 
 
 Overview  
 
 The aim of this project was to synthesize [RAr]m[CuxIy]
n salts with variable cations in order 
to determine whether the cation affected the overall [CuxIy]
n cluster formed and the photoemission 
of the said salts. Thus, the results for this project are broadly divided into two categories – 
synthetic/structural and photophysical. The synthetic portion of this project comprised synthesis 
of both the organic cation and the iodocuprate salt. 1H-NMR was used to confirm the results of the 
organic synthesis. Single crystal X-ray diffraction (SCXRD) was used to both confirm the results 
of the inorganic synthesis and determine the structure of the [CuxIy]
n cluster formed. Finally, 
diffuse reflectance spectra (DRS) and UV emission spectra were used to characterize the 
absorption and (when applicable) emission of the [Bu 3-PyX]m[CuxIy]
n and 
{[BuQn]2[Cu5I7]•0.5MeCN}2n complexes.  
 Synthesis results 
 
One of the most significant achievements of this project was the development of general 
synthetic preparation methods for both the organic and [RAr]m[CuxIy]
n salts through relatively mild 
conditions. However, there was nuance to each organic and inorganic salt preparation method, 
with small adjustments often required to achieve optimal yield and product purity. 
The organic cations used for this project were synthesized via a SN2 reaction on the alkyl 
halide with each arylinium system. These reactions were generally done neat with the application 
of heat (100 °C) and allowed to stir overnight; this is depicted in the reaction sequence below. 
𝑅𝐼 + 𝐴𝑟
100℃,   ∆𝑡
→      [𝑅𝐴𝑟]+[𝐼]− 
The physical form of each reaction product (i.e., powder, liquid, etc.) depended on the arylinium 
system used as the reagent:  
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The unsubstituted pyridinium salts tended to form dark oils that obstinately opposed all 
attempts to recrystallize into solids; these were collected as synthesized. In this light, these 
reactions were done under carefully controlled 1:1 stoichiometry of alkyl halide:aryl to prevent 
any excess starting material from contaminating the final isolated product. 
The quinolinium salts initially formed oils that would solidify into yellow or tan powders upon 
trituration (dripping a concentrated solution of the salt into Et2O). These powders were then 
isolated via standard methods. While these reactions were generally carried out with 1:1 alkyl 
halide:aryl system stoichiometry, excess alkyl iodide was used in some cases to increase yields 
and prevent unreacted aryl group from contaminating the final product. However, this required 
extensive washing with Et2O upon product isolation to remove any unreacted alkyl iodide.  
The 4,4ʹ-bipyridinium salts required more rigorous synthesis conditions, and required excess 
alkylating agent, as well as MeCN solvent in addition to the increased heat, time, and stirring to 
enable the double alkylation to go to completion. In these cases, our efforts were rewarded with 
beautiful bright red powders or crystals that would precipitate out of the solvent. These were then 
isolated after Et2O washes to remove any unreacted alkyl halide.  
The substituted pyridinium salts – with the exception of the [Bu 3-PyOMe][I], which formed 
an oil – all formed powders that were isolated via the same methods as the quinolinium salts (for 
the powders) or the pyridinium salts (for the [Bu 3-PyOMe][I]).  
1H-NMR was used to confirm the successful synthesis of the organic salts, and the spectra are 
included in this work (Figures 4-25). 
The second part of the project synthesis was the preparation of the nominal [RAr]+[CuI2]
– salts. 
The general synthetic procedure involved a heterogeneous reaction of the dissolved organic salt 
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and CuI solid in either EtOH or MeOH (whichever promoted solvation better); this reaction 
scheme is displayed in the following equation.  
[𝑅𝐴𝑟]+𝐼− + 𝐶𝑢𝐼 
𝑀𝑒𝑂𝐻 𝑜𝑟 𝐸𝑡𝑂𝐻,   𝑡𝑖𝑚𝑒  
→                [𝑅𝐴𝑟]+[𝐶𝑢𝐼2]
− 
 Stirring of these suspensions for between one hour and overnight resulted in the brightly colored 
[RAr]+[CuI2]
– salts, whose color appeared to depend on the choice of the aryl system in the organic 
cation. With the exception of the [Bu 3-PyOMe]+[CuI2]
–, all salts were air stable and easily 
isolable. The [Bu 3-PyOMe]+[CuI2]
– cuprate salt was very hygroscopic, and quick isolation and 
storage under argon was required to keep the yellow powder from oiling.  The results of these 
syntheses and yields for the powder products are compiled in Table 3. 
Table 3: [RAr]+[CuI2]
– synthesis results 
[RAr]+[CuI2]
– salt Crystallized complex 
 
yield 
(%) 
reference 
[HPy]+[CuI2]
– {[HPy]3[Cu3I6]}n 1  9.60 this work 
[MePy]+[CuI2]
– {[MePy][Cu2I3]}n 2 60.9 25, 26 
[EtPy]+[CuI2]
– {[EtPy][Cu3I4]}n 3 53.4 26 
[PrPy]+[CuI2]
– {[PrPy][Cu2I3]•MeCN}n 4 47.1 this work 
[BuPy]+[CuI2]
– {[BuPy]4[Cu10I14]}n 5 44.1 this work 
[HxPy]+[CuI2]
– {[HxPy]2[Cu5I7]•MeCN}n 6 55.1 this work 
[HQn]+[CuI2]
– {[HQn][CuI2]}n 7 36.5 this work 
[PrQn]+[CuI2]
– {[PrQn][Cu2I3]}n 8 43.3 this work 
[BuQn]+[CuI2]
– {[BuQn]2[Cu5I7]•0.5MeCN}2n 9 41.7 this work 
[PnQn]+[CuI2]
– {[PnQn]2[Cu5I7]}n 10 56.8 this work 
[HxQn]+[CuI2]
– {[HxQn]2[Cu5I7]•MeCN}n 11 49.9 this work 
[HpQn]+[CuI2]
– {[HpQn]2[Cu5I7]•MeCN}n 12 43.5 this work 
[Me2(4,4ʹ-Bpy)]+[CuI2]– {[Me2(4,4ʹ-Bpy)][Cu2I4]}n 13 34.7 23, this work 
[Et2(4,4ʹ-Bpy)]+[CuI2]– {[Et2(4,4ʹ-Bpy)][Cu2I4]}n 14 14.5 24, this work 
[Pr2(4,4ʹ-Bpy)]+[CuI2]– {[Pr2(4,4ʹ-Bpy)][Cu2I4]}n 15 68.8 24 
[Bu2(4,4ʹ-Bpy)]+[CuI2]– [Bu2(4,4ʹ-Bpy)]5[Cu8I13]2 16 50.5 this work 
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[Pn2(4,4ʹ-Bpy)]+[CuI2]– [Pn2(4,4ʹ-Bpy)]2[Cu5I7(MeCN)2]2 17 45.6 this work 
[Bu 3-PyCN]+[CuI2]
– {[Bu 3-PyCN]2[Cu5I7]•MeCN}n 18 54.1 this work 
[Bu 3-PyCl]+[CuI2]
– [Bu 3-PyCl]2[Cu5I7]}n 19 54.8 this work 
[Bu 3-PyBr]+[CuI2]
– {[Bu 3-PyBr]4[Cu5I7]•2MeCN}2n 20 49.3 this work 
[Bu 3-PyI]+[CuI2]
– [Bu 3-PyI]4[Cu6I10] 21 65.4 this work 
[Bu 3-PyOMe]+[CuI2]
– {[Bu 3-PyMeO]2[Cu5I7]•0.5MeCN}n 22 26.5 this work 
 
Crystals of these powders – with exception of the [Me2(4,4ʹ-Bpy)]+[CuI2]–, [Et2(4,4ʹ-Bpy)]+[CuI2]–
, and [Pr2(4,4ʹ-Bpy)]+[CuI2]– – were formed via slow diffusion of Et2O into a MeCN solution of 
the dissolved [RAr]+[CuI2]
– salt. These products tended to form needle-like crystals of the same 
color as the initial powder, and were often MeCN solvates. All crystals were air stable and isolated 
by simple decantation of the mother liquor. However, the solvates did decompose into their 
respective powders after about one week.  
Given that the [RAr]+[CuI2]
– salts were soluble in MeCN, many attempts were made to 
prepare the [RAr]+[CuxIy]
n salts by dissolving both the arylinium cation and CuI in MeCN and 
allowing the reaction to occur in solution. However, no observable change in the initial CuI and 
arylinium salt MeCN solution occurred after stirring overnight. Additionally, upon layering this 
solution with Et2O, CuI was recovered. This result indicated that the reaction of CuI and the 
organic cations would not occur with both species in MeCN solution. A possible explanation for 
this is that MeCN, as a soft nucleophile, has a high affinity for the (also soft) CuI, and potentially 
coordinates with the CuI in solution. This prevents the CuI it from forming the [RAr]m[CuxIy]
n salt 
with the organic cation. 
The [Me2(4,4ʹ-Bpy)]+[CuI2]–, [Et2(4,4ʹ-Bpy)]+[CuI2]–, and [Pr2(4,4ʹ-Bpy)]+[CuI2]– salts 
were insoluble in MeCN, and therefore required a different method of crystallization. The 
[Me2(4,4ʹ-Bpy)]+[CuI2]– and [Et2(4,4ʹ-Bpy)]+[CuI2]– salts were sparingly soluble in DMF, and 
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diffraction quality crystals were obtained via slow diffusion of Et2O into DMF. These crystals 
were later determined via X-ray diffraction to match prior structural determinations (references 23 
and 24) but 23’s data was collected at 295K and 24’s at 223 K; herein, we report the 100 K 
temperature structures of [Me2(4,4ʹ-Bpy)]+[CuI2]– and [Et2(4,4ʹ-Bpy)]+[CuI2]–. The [Pr2(4,4ʹ-
Bpy)]+[CuI2]
– was insoluble in all solvents but DMSO, and crystals were obtained from slow 
evaporation of DMSO. These crystals were of sufficient quality to determine that the salt matched 
a prior determined structure (see 24) and formed 15, but attempts to obtain a lower temperature 
data set of these crystals resulted in data that was unusable for structural determination. 
It cannot be overstated that the preparatory methods provided in this work are very mild in 
comparison to the oft-employed solventothermal methods.  Additionally, the heterogeneous nature 
of the inorganic salt synthesis does not require the CuI to be dissolved, which tentatively indicates 
that these salts could be industrially synthesized with “green” mechanochemical methods (4).   
Crystallographic results 
 
Single crystal X-ray diffraction (SCXRD) is a powerful method of structural elucidation 
that formed the bedrock of this project. The details of how SCXRD works are complex and well 
beyond the scope of this work; however, the basis of the method can be summarized as such. When 
light hits a crystalline lattice, it diffracts in a pattern that is dependent upon the distribution of 
electron density within that lattice. From these diffraction patterns, one can determine the 
distribution of electron density, and therefore the structure, of the complexes that form the lattice. 
In this work, SCXRD was used to structurally characterize 17 new compounds of the 22 
[RAr]+[CuxIy]
n salts synthesized in this work. In the cases of 2, 3, 13, 14, and 15, SCRXD was 
used to determine that the salts synthesized in this project matched prior structural determinations 
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(23, 24, 25, 26), and in the case of the 13 and 14, to produce two new higher quality data sets. 
General crystallographic results from this work can be found in Table 3. 
 Each of the compounds in this project can be categorized based on the type of [CuxIy]
n 
cluster that crystalized in the [RAr]+[CuxIy]
n (Table 4), and brief analysis of the structural features 
of each [CuxIy]
n cluster prepared by this project is given below. General crystallographic 
information for each structural determination done by this project is provided in Table 2, and bond 
length data for these structural determinations is included in Table 5.   
Table 4: [RAr]m[CuxIy]
n salts organized by [CuxIy]
n cluster  
[CuxIy]n cluster organic 
cation 
Cation Volume 
(Å3)a 
                 Complex Space group 
{[CuI2]–}n [HQn]+ 155.924 {[HQn][CuI2]}n (7) P42bc 
{[Cu2I3]–}n [MePy]+ 129.739 {[MePy][Cu2I3]}n (2) Pnma 
 
[PrQn]+ 237.081 {[PrQn][Cu2I3]}n (8) P21/c 
{[Cu2I4]2–}n [Me2(4,4ʹ-Bpy)]2+ 258.11 {[Me2(4,4ʹ-Bpy)][Cu2I4]}n (13) P21212 
 
[Et2(4,4ʹ-Bpy)]2+ 305.965 {[Et2(4,4ʹ-Bpy)][Cu2I4]}n (14) P42/mnm 
 
[Pr2(4,4ʹ-Bpy)]2+ 353.581 {[Pr2(4,4ʹ-Bpy)][Cu2I4]}n (15) P42/n 
{[Cu3I4]–}n [EtPy]+ 155.663 {[EtPy][Cu3I4]}n (3) Ima2 
{[Cu3I6]3–}n   [HPy]+ 94.779 {[HPy]3[Cu3I6]}n  (1) P21/m 
{[Cu5I7]2–}n  [PrPy]+ 177.425 {[PrPy][Cu5I7]•MeCN}n (4) P21/c 
 
[Bu 3-PyCN]+ 219.194 {[Bu 3-PyCN]2[Cu5I7]•MeCN}n (18) P21/c 
 
[Bu 3-PyCl]+ 226.821 {[Bu 3-PyCl]2[Cu5I7]}n (19) P21/c 
 
[Bu 3-PyOMe]+ 242.396 {[Bu 3-PyMeO]2[Cu5I7]•0.5MeCN}n (22) C2/c 
 
[HxPy]+ 248.771 {[HxPy]2[Cu5I7]•MeCN}n (6) C2/c 
 
[PnQn]+ 284.573 {[PnQn]2[Cu5I7]}n (10) C2/c 
 
[HxQn]+ 308.323 {[HxQn]2[Cu5I7]•MeCN}n (11) P21/c 
 
[HpQn]+ 332.073 {[HpQn]2[Cu5I7]•MeCN}n (12) P21/c  
[Cu5I7(MeCN)2]2– [Pn2(4,4ʹ-Bpy)]2+ 448.57 [Pn2(4,4ʹ-Bpy)]2[Cu5I7(MeCN)]2 (17) Pc 
Cu6I10 [Bu 3-PyI]+ 243.672 [Bu 3-PyI]4[Cu6I10] (21) P–1 
{[Cu10I14]}n [BuPy]+ 201.209 {[BuPy]4[Cu10I14]}n (5) P21/c 
 
[BuQn]+ 260.824 {[BuQn]2[Cu5I7]•0.5MeCN}2n (9) P21/c 
 
[Bu 3-PyBr]+ 234.524 {[Bu 3-PyBr]4[Cu5I7]•2MeCN}2n (20) P21/c 
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[Cu8I13]5– [Bu2(4,4ʹ-Bpy)]2+ 401.074 [Bu2(4,4ʹ-Bpy)]5[Cu8I13]2 (16) P21/n 
aCation volume calculated in PC Model as the sum of the volumes of the constituent atoms as 
determined with the van der Waal radii of each atom.  
 
Table 5: Selected bond lengths for [RAr]m[CuxIy]
n salts structurally determined in this work    
Cu…Cu (Å) Cu–I (Å) Other 
1 2.719(4), 2.742(5) 2.623(4)- 2.788(4) 
 
4a 2.649(16)-2.897(10) 2.456(2)-2.86(2) 
 
5 2.5272(15)-3.0332(15) 2.5118(11)-2.6866(10) 
 
6 2.5563(11)-2.9405(11) 2.5233(8)- 2.6836(8) 
 
7 n/a 2.661(2)-2.673(3) 
 
8 2.7366(4) 2.6240(3)-2.7407(3) 
 
9a 2.526(3)-3.033(2) 2.521(5)-3.049(2) 
 
10 2.5658(15)-2.9644(14) 2.5230(12)-3.0294(12) 
 
11b 2.5637(10)-2.9437(9) 2.5077(8)-3.0059(8)  
12 2.5955(18)-2.9742(19) 2.5178(14)-2.9707(14) 
 
13 n/a 2.6605(5), 2.6628(5) 
 
14 n/a 2.6617(3) 
 
16a 2.5541(16)-2.9827(12) 2.5006(9)-2.793(6) 
 
17 2.5204(12)-3.0258(11) 2.448(17)-2.9583(8) c2.015(6), 2.016(6)  
18 2.5569(10)-3.0105(11) 2.5136(8)-2.6822(8) 
 
19 2.5329(14)-3.0072(14) 2.5281(10)-2.6890(10) 
 
20 2.4779(14) - 3.022(14) 2.456(17) - 3.023(8) 
 
21 2.413(6)-2.903(8) 2.5003(6) - 2.962(15) 
 
22 2.4907(15) - 3.0290(15) 2.468(9) - 2.9294(13) 
 
aMajor occupancies used for bond length range determinations. bComplex 11 underwent a 
destructive phase change at reduced temperature, forcing a 200 K data collection. cCu–N bond 
lengths.  
 
 
[CuxIy]
n clusters  
 
Before discussion of the [CuxIy]
n cluster structures, a few quick notes on terminology and 
display should be offered. The most common way to generally describe crystalline compounds is 
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by their asymmetric unit. The asymmetric unit of a crystalline complex is defined as the smallest 
structural repeat unit and formula that is needed to completely describe the crystal lattice when the 
symmetry operations of the crystal system are applied. This asymmetric unit can contain half atoms 
or molecules. While a useful tool that makes modern structural determination methods possible, 
the asymmetric unit isn’t necessarily the best way to classify [CuxIy]n clusters, especially when 
total cluster size is in question. In this light, discrete clusters were classified based on the whole 
cluster size, not the asymmetric unit. For 1D chains, the “cluster” was defined as the smallest 
repeat unit that produced a formula comprised of whole molecules and atoms. Often these 
definitions resulted in the same [CuxIy]
n “cluster” as the asymmetric unit, but not always. For 
display purposes, an atom color key is given in Figure 26. All hydrogen atoms and disordered atom 
positions have been omitted for clarity.  
{[CuI2]
–}n and {[Cu2I4]
2–}n 
{[CuI2]
–}n and {[Cu2I4]
2–}n were the simplest clusters prepared in this work, and were 
observed with the [HQn]+, [Me2(4,4ʹ-Bpy)]2+, [Et2(4,4ʹ-Bpy)]2+ and [Pr2(4,4ʹ-Bpy)]2+ cations in 
compounds 7, 13, 14, and 15, respectively. For 7, the asymmetric unit consists of two independent 
iodides, two ½ Cu atoms, and one quinolinium cation. The crystal system is the highly symmetric 
tetragonal space group P42bc, where a = 18.4071(4) Å  and c = 6.67150(10) Å. Compounds 13, 
14, and 15 crystallize as described in reference 23 (for 13) and 24 (for 14 and 15). The cluster is a 
1D chain, with tetrahedral (4-coordinate) copper atoms and 2-coordinate iodides.   
Figure 26: The {[Cu2I4]
2–}n chain as crystallized in 7. copper = orange, iodide = purple, carbon = 
grey, nitrogen = light blue. [CuxIy]
n clusters shown in ball-and-stick format; all other atoms shown 
as wire frames.  
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{[Cu2I3]
–}n  
 
This cluster is observed for both the [MePy]+ and the [PrQn]+ as 2 and 8, respectively. 2 
crystallizes as described in references 25 and 26, while the 8 crystallizes in the less symmetric 
P21/c, with a = 10.3195(3) Å, b = 6.7435(2) Å, c = 23.0932(7) Å, and β = 97.9790(10)°. The 
asymmetric unit for 8 is comprised of two independent coppers and three independent iodides, and 
forms a 1D ribbon. 
Figure 27: The {[Cu2I3]
–}n ribbon (left) and {[PrQn][Cu2I3]}n asymmetric unit (right) as seen for 
8. See Figure 26 for color key 
 
 
 
{[Cu3I4]
–}n 
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Observed for [EtPy]+ in this project, the [EtPy]+[CuI2]
– salt crystallized as 3 in the 2D sheet 
previously described in reference 26. This compound is displayed below, but will not be discussed 
herein. It is worth noting that our preparatory method of 3 was far different than Hou’s one pot 
solvothermal synthesis.  
Figure 28: The {[Cu3I4]
–}n cluster (depicted here as [EtPy]2[Cu6I8], left) and the {[Cu3I4]}2n two 
dimensional sheet (right; cations omitted for clarity) as determined by Hou. See Figure 26 for color 
key. 
 
 
{[Cu3I6]
3–}n   
 
  Paired only with the [HPy]+ (the smallest cation of the project), this cluster was something 
of an anomaly. The asymmetric unit is composed of 1½ coppers and 3 iodides; however, there are 
five iodide and two copper sites. One of the copper atoms and three of the iodides sit on a mirror 
plane, while yet another iodide atom lies on a twofold screw axis, giving a total of two half coppers, 
four ½ iodides, and one full iodide atom for a total of 1½ copper atoms and 3 iodide atoms in the 
asymmetric unit. These are charge balanced by 1½ pyridinium cations. The actual cluster formed 
is a rather elegant ball and stick chain, with linear iodide (“sticks”) linking clusters (“balls”) of 
three copper (two 4-coordinate and one 3-coordinate) and five iodides (three 2-coordinate, one 
terminal, and one 4-coordinate).  
Figure 29: Clockwise from top left, the [Cu3I6]
3– ball in the “ball and stick” chain as observed in 
1, the [HPy]3/2[Cu3/2I3]
(3/2)– asymmetric unit (blue planes = mirror planes, green sticks = twofold 
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screw axes), and the {[Cu3I6]
3–}n chain (cations omitted for clarity). See Figure 26 for atom color 
key. 
 
 
 
{[Cu5I7]
2–}n, {[Cu10I14]
4–}n, and [Cu5I7•(MeCN)2]2– 
 
This was easily the most commonly observed cluster formed for this project, either in the 
form of the [Cu5I7]
2– or the [Cu10I14]
4– asymmetric unit. For both units, the cluster is a 1-D chain. 
These salts tend to crystallize in one of four monoclinic unit cells: a = 28 Å, b = 11 Å, c = 27 Å, β 
= 100°, for 5, 9, 10, and 20; a = 24 Å, b = 11 Å, c = 14 Å, β = 99°, for 3, 18, and 19; a = 27 Å, b 
= 11 Å, c = 16 Å, β = 104° for 11 and 12; and a = 34 Å, b = 11 Å, c = 25 Å, β = 127°, for 6 and 
22. 
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Figure 30: Clockwise from top left, the [Cu5I7]
2– asymmetric unit as in 12, the [Cu10I14]
4– 
asymmetric unit as in 5, and the {[Cu10I14]
4–}n chain from 5 (cations omitted for clarity). See Figure 
26 for atom color key.  
 
 
The outlier for this cluster category is the [Pn2(4,4ʹ-Bpy)]2[Cu5I7(MeCN)2]2, which is 
similar to the [Cu5I7]
2– chain, except that MeCN coordination to two of the coppers terminate the 
cluster, preventing the chain from forming. Of note is that this MeCN coordination is the only 
example of a coordinate covalent bond forming within this work, though this also known in the 
current literature (4). Of note is that this cluster crystallizes in the low symmetry system Pc, where 
a = 8.4205(3) Å, b = 22.4620(8) Å, c = 21.2824(7) Å, β = 97.8520°. 
Figure 31: The full [Pn2(4,4ʹ-Bpy)]2[Cu5I7(MeCN)2]2 unit cell contents (left) and the 
[Cu5I7(MeCN)2]
2– cluster (right). See Figure 26 for atom color key. 
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[Cu6I10]
4– 
 
This was one of the less common clusters formed, and was only observed for the [Bu 3-
IPy]+ cation. The asymmetric unit is [Cu3I5]
2–, and is comprised of three independent coppers (two 
4-coordinate, one 3-coordinate), five independent iodides (one terminal, and four 3-coordinate) 
and two [Bu 3-PyI]+ cations. The crystal system is the P–1, where a = 9.1888(4) Å, b = 11.3217(5) 
Å, c = 16.2778(7) Å, α = 73.5910(10), β = 77.4610(10), and γ = 87.9980(10)° 
Figure 32: The full [Bu 3-PyI]4[Cu6I10] cluster as in 21 (left), and the [Bu 3-PyI]2[Cu3I5] 
asymmetric unit. See Figure 26 for atom color key.  
 
 
[Cu8I13]
5 – 
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Observed for [Bu2(4,4ʹ-Bpy)]5[Cu8I13]2 (16), this compound crystallizes as P21/n with two 
independent clusters in a very large V = 14041(3) Å3 unit cell, where a = 23.292(3) Å, b = 
22.302(2) Å, c = 27.058(3) Å, and β = 92.685(2)°.  The cluster is comprised of two terminal, six 
bent (2-coordinate), four 3-coordinate, and one 4-coordinate iodide, as well as six tetrahedral (4-
coordinate) and two 3-coordinate copper atoms.  
Figure 33: The full unit cell contents of 16 (left) and the [Cu8I13]
5– cluster (right). See Figure 26 
for atom color key. 
 
 
Discussion 
 
As described above, there is a large amount of structural diversity within the [CuxIy]
n 
clusters prepared in this project that makes drawing general conclusions about them a daunting 
task. However, there are some notable general trends true of the [RAr]m[CuxIy]
n salts that are worth 
discussion. 
First, many of the clusters in this project display close Cu…Cu interactions, generally 
defined as separation distances d < 3.00 Å (9). While the reasons for these interactions are 
complex, this is a well-known phenomenon for other d10 metals. In particular, Au is known to 
display metal-metal, so-called “aurophilic”, behavior. Additionally, there is some evidence to 
suggest that shorter Cu…Cu distances in clusters corresponds to higher energy cluster-centered 
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emissions. This is potentially due to d-d orbital overlap from the two copper nuclei that results in 
an excited state that is conducive to charge transfer (CT). Such CT that occurs within the 
iodocuprate cluster differs from the cluster to arylinium CT sought as the aim of the project; it is 
nevertheless an interesting observation that is worth noting. 
Figure 34: Chart of cation volume v. number of Cu atoms in the [CuxIy]n cluster; ● = [RPy]n+ 
[CuxIy]
n system, ● = [RQn]n+ [CuxIy]n system, and ● = [R2 (4,4′ Bpy)]n/22+ [CuxIy]n system 
 
Secondly, we observe a definite increase in cluster and asymmetric unit size with an 
increase in cationic size (Figure 34). In general, small cations (R = H, Me, Et) produce small 
[CuxIy]
n clusters that crystallize into systems with relatively high symmetry (e.g. orthorhombic 
unit cells for 2 and 3). However, we observe a jump in cluster size at the R = Pr and Bu (for the 
Py and Qn aryl systems, respectively) where we begin to observe the larger {[Cu5I7]
2–}n chain. 
This is in the form of the asymmetric unit [Cu5I7]
2– or [Cu10I14]
4–, and crystallizes into the less 
symmetric monoclinic crystal system. Given that these cation volumes span from 177 – 448 Å3 
(Table 4), this suggests that the effect of cation size matters for determination of the [CuxIy]
n cluster 
size, but only up to a point.  
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The viologen system is something of an outlier, as it fits with some of these trends while 
also providing some puzzles. For [Me2(4,4ʹ-Bpy)]2+, [Et2(4,4ʹ-Bpy)]2+, and [Pr2(4,4ʹ-Bpy)]2+, we 
observe small, {[Cu2I4]
2–}n chains with the highly symmetric tetragonal unit cells. There is then a 
dramatic jump with the [Bu2(4,4ʹ-Bpy)]2+ cation to the discrete [Cu8I13] 5– cluster, which was the 
largest isolated cluster produced by this work. However, we then observe a decrease in size to the 
discrete [Cu5I7(MeCN)2]
2– cluster for the [Pn2(4,4ʹ-Bpy)]2+ cation, where the two 
crystallographically independent [Cu5I7]
2– clusters are terminated by MeCN coordination. The 
reason for this reversion to a smaller cluster size are not obvious, though this is not unlike the 
results observed previously (5) with the tetraalkylammonium cation system. It is also worth noting 
that while the [Cu5I7(MeCN)2] cluster itself does not fit with the general trends, 17 crystallizes 
with one of the least symmetric space groups (Pc) in this work.    
Additionally, cation size is clearly not a sufficient factor to determine cluster formation, 
since we can observe that cations of similar volumes (sizes) give very different clusters. For 
instance, in comparison of [EtPy]+ and [HQn]+, both have volumes of about 155 Å3; however, 
[HQn]+ forms the simple {[Cu2I4]
2–}n chain while the [EtPy]
+ facilitates the formation of the far 
more complex {[Cu3I4]
–}2n 2D sheet. Moreover, the [HPy]
+, the smallest cation in this project, 
doesn’t form the simple {[Cu2I4]2–}n unit, as might be expected. Instead, it produces the elegant 
{[Cu3I6]
3–}n chain, with a lower symmetry P21/m space group. This simply goes to show that the 
[RAr]m[CuxIy]
n system is clearly complex, and many variables are involved in [CuxIy]
n cluster 
templating.  
In summary, there seems to be a sort of transition point in between two (or more) 
interactions that determines where the cation size becomes large enough to force an increase in 
cluster size. In other words, we initially observe the formation of small [CuxIy]
n clusters for a range 
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of cation volumes that increase dramatically in size with a fairly small increase in cation volume. 
However, that turning point in cation volume is not necessarily constant for all cation aryl systems, 
though it is worth noting that this jump in cluster size occurs at larger cation volumes for larger π 
systems (e.g., qinolinium and 4,4ʹ-bipyridinium systems v. the pyridinium systems). Given this 
observation, we tentatively suggest that for cations with large π systems, cation size effects 
resulting from alkyl chain length are of lesser importance than other potential interactions during 
crystallization, and therefore need to be more dramatic in order to become the dominant 
interaction. Additionally, it appears possible to “overshoot” with respect to cation size, or in other 
words, there is a point at which cation size ceases to affect the cluster formed or even causes a 
reversion back to clusters of smaller size. 
Diffuse reflectance spectroscopy (DRS)  
An interesting observation made in this project is that each of the n-butyl alkylated 
arylinium salts have (with the exception of 16 and 21) the same basic [CuxIy]
n cluster. However, 
the colors of all these salts vary immensely, from light yellow for 5 to dark red for 18. Given that 
the cluster for most of the n-butyl alkylated arylinium salts is the same, it is apparent that the color, 
and potentially the band gap, of these salts is dependent upon the organic cation. To obtain a 
quantitative understanding of this qualitative observation, diffuse reflectance spectroscopy (DRS) 
measurements were performed were performed by on solid samples of 5, 9, and 18-22, and the 
results are displayed in Figure 34. These and the following UV emission spectra were performed 
by Aaron Nicholas and Francis Barnes from Howard H. Patterson’s group at the University of 
Maine. 
Figure 35: DRS spectra of 5, 9, and 18-22 at 298 K. Spectra taken by Aaron Nicholas and 
Francis Barnes from University of Maine 
68 
 
 
All compounds absorb strongly in the UV and visible regions, with absorbance falling off 
sharply around 550 nm. Generally speaking, the absorption edge shifts to lower energies with 
increasing electron withdrawing character of the pyridinium substituent/aryl group, with the 
absorption edge energies for H, I, Br, Cl, Qn, OMe, CN  as 2.20, 1.89, 1.94, 1.98, 1.87, 1.74, and 
1.60 eV, respectively. A number of similar iodocuprate(I) compounds have been reported to 
undergo a mixed halide-metal to ligand charge transfer (XMLCT) with strong absorption bands 
between 300 and 500 nm (27-34). In principal for this project, electronic transitions can originate 
from an intermolecular halide-metal to cation charge transfer XMCCT or a XMCT. However, in 
the case of a cluster-centered XMCT, absorption should be independent of cation substitution, 
which is clearly inconsistent with the DRS spectra (Figure 34). The poor electron-withdrawing 
ability of the halides in comparison to the cyano group does little to stabilize the n-butyl pyridinium 
ring. The result of pyridinium stabilization is a decrease in the energy difference between the 
[CuxIy]
n cluster and pyridinium energy levels. With this in mind, we directly observe a reduction 
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of the absorption edge with increased stabilization of the n-butyl pyridinium cation in 5, 9, and 18-
22 via an increase in substituent electron withdrawing capacity. Given that an intermolecular 
charge transfer for the [RAr]m[CuxIy]
n salts is similar to a XMLCT, and that we observe a clear 
shift in absorption edge that varies with cation substitution, it follows that absorption within this 
region for our [RAr]m[CuxIy]
n is potentially the result of XMCCT. 
UV Emission Spectra and analysis  
 
Of the complexes reported herein, 5, 19, 20 and 22 show interesting luminescence behavior 
with variable temperature. Luminescence spectra of these complexes are shown in Figure 35 and 
summarized in Table 6.  
Table 6: Summary of luminescence spectra of 5, 19, 20 and 22 between 78 K and 298 K. 
Complex Ex 𝜆max Em 𝜆max Em 𝜆Shoulder Stokes shift 
22 400 nm 540 nm 600 nm 6,480 cm–1 
20 468 nm 556 nm 590 nm 3,350 cm–1 
19 400 nm 558 nm 588 nm 7,140 cm–1 
5 400 nm 546 nm 570 nm 6,680 cm–1 
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Figure 36. Luminescence spectra of 5, 19, 20 and 22 between 78 K and 298 K. Spectra taken by 
Aaron Nicholas and Francis Barnes from University of Maine  
 
At room temperature only complex 22 visibility emits, albeit with extremely weak intensity. Upon 
cooling to 78 K these complexes become extremely bright emitters when irradiated with UV light. 
Emission bands for all complexes are very broad between 500 nm and 700 nm with 
correspondingly broad excitation bands. These emission bands are composed of two distinct 
features: (1) a maximum peak between 540-558 nm and (2) a lower energy shoulder between 570-
600 nm. The emission energy of the shoulder closely follows the spectrochemical series H > Br > 
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Cl > OMe (570 nm, 590 nm, 588 nm, and 600 nm respectively) as observed in the diffuse 
reflectance. Since the iodocuprate clusters are unchanged between all complexes it follows that 
the observed emission shoulder must be the result of a XMCCT from the iodocuprate cluster to 
the pyridinium cation. Evidence of this charge transfer can also be seen in the excitation spectra 
of 19 and 20 which show sharp peaks between 450 nm and 500 nm. These sharp peaks are 
uncharacteristic of halo- and pseudohalo-cuprate complexes, which are typically smooth and broad 
(27, 31, 33, 34). The maximum emission peak energy appears to be independent of the choice of 
cation and is relatively unchanged between complexes. Because of this behavior we assign the 
maximum emission band to a XMCT that occurs within the iodocuprate cluster. 
 It is interesting to point out that the relative intensity of the shoulder in comparison with 
the maximum emission intensity is dependent on the electron-withdrawing ability of the 
pyridinium substituent where the ratio of the emission Imax/IShoulder for X = H, Br, Cl, OMe is 1.37, 
1.11, 1.28, and 1.10, respectively, further supporting our assignment. 
Almost as important as these emission results is the initially surprising observation that the 
[Bu 3-PyX]m[CuxIy]
n compounds 9, 18, 21, and (though not included in the DRS) 16 do not emit 
at all, even at 78 K. There are two suspected reasons for this, and both are addressed individually 
below. 
First, compounds 9, 16, and 18 all contain a fairly large π system (Qn for 9, Bpy for 16, 
and 3-PyCN for 18). As qualitatively indicated by their color (dark red for 9 and 18, black for 16) 
and quantitatively indicated by the DRS (Figure 34) for 9 and 18, these three compounds are 
excellent light absorbers. However, due to the facility with which they absorb photons, it is 
reasonable to imagine that their quality as absorbers is also detrimental to their capacity to emit 
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photons. In other words, since the π systems within 9, 16, and 18 are large, they are excellent 
photon absorbers but also excellent photon traps, and that prevents them from luminescing. 
The second possibility is observed in compound 21. While 21 does not have an extended 
π system (indeed, the compound is bright yellow, nearly identical to compound 5), iodide is a 
heavy atom with a large orbital system. Given this, the 3-I-substituted cation may quench any 
potential emission via the heavy atom effect.  
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Conclusion 
  
To assess the outcomes of this project, we can now address three initial questions that this project 
aimed to answer. 
1. Does the size of the organic cation modulate the size and type of [CuxIy]
n cluster 
produced?  
In short, yes. Cation size does affect the size of the [CuxIy]
n cluster formed, with larger 
cations producing larger clusters and less symmetric crystal systems. However, this effect is not 
linear, given that small changes in cation volume can produce large changes in [CuxIy]
n cluster 
size. Additionally, size/volume is obviously not the only aspect of the cation that affects [CuxIy]
n 
cluster formation, since cations of similar volume can produce very different [CuxIy]
n clusters. 
Additionally, increasing the size of the π system within the cation seems to increase the cation 
volume necessary to “activate” cation size effects. 
2.  By using a systematically designed organic cation, can we produce [RAr]m[CuxIy]
n salts 
that exhibit intermolecular charge transfer? 
This is also a yes. Compounds 5, 19, 20, and 22 demonstrate emission bands at liquid 
nitrogen temperature that are consistent with a XMCCT transition. 
3.  For a given anionic cluster, does changing the electronic makeup of the organic cation 
effect the emission? 
Finally, the answer here is also in the affirmative. By substituting the pyridinium salt with 
electron-withdrawing groups, we can decrease the ratio of the cluster-centered:XMCCT emission 
observed. Furthermore, the strength of the EWG is directly related to the decrease in the ratio, with 
the stronger EWGs decreasing the cluster-centered:XMCCT emission intensity ratios. In addition, 
the strength of the EWG is related to the emission wavelength of the XMCCT, with the wavelength 
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of the XMCCT proportional to the EWG strength. However, the substitution of the organic cation 
can also (inadvertently) quench any potential emission if the substitution makes the organic cation 
too amenable to absorption, or involves a heavy atom that can act as a quencher. Given this result, 
for those seeking to produce [RAr]m[CuxIy]
n salts with intermolecular CT, we suggest that the 
organic cation contain a small π system (e.g., Py) and that substitution be done with light alkyl-
based EWGs or EDGs.  
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